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ABSTRACT 
This study attempts to assess economically various alternative 
intercropping methods suitable for typical coconut farmers of Colombo/ 
Gampaha and Kegalla districts. 
The socio-economic data obtained from a survey of intercropping 
coconut farmers were analysed to provide the basis for building 
intercropping models suitable for small and medium coconut farms. In 
building the models, the agronomic requirements of the intercrops and 
coconuts, along with the agroclimatic conditions of the area, were also 
considered. 
The technique of multi-period budgeting was used for the analyses 
and the cost of time required to obtain the produce of perennials was 
taken into account. The expected future revenues from different 
intercropping systems were valued in terms of the Sum of their Net Present 
Values and also their amortised values or annuities which were used as the 
main criteria for economic comparisons. Subsidiary criteria, such as 
Return per labour day. Cost/price sensitivity index. Discount rate 
sensitivity index, Land use factor and Crop intensity factor also were 
used. The sensitivity of the SNPV to changes of major uncertain parameters 
such as prices, yields and personal discount rates were analysed to rank 
the alternatives available. 
Of the sole crops analysed, mature coconuts had the lowest SNPV, 
annuity and the labour requirements. These values were substantially 
higher in all the intercropping models. It was found that early yielding 
intercrops such as betel, ginger and turmeric which require higher labour 
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This study attempts to assess economically various alternative 
intercropping methods suitable for typical coconut farmers of Colombo/ 
Gampaha and Kegalla districts. 
The socio-economic data obtained from a survey of intercropping 
coconut farmers were analysed to provide the basis for building 
intercropping models suitable for small and medium coconut farms. In 
building the models, the agronomic requirements of the intercrops and 
coconuts, along with the agroclimatic conditions of the area, were also 
considered. 
The technique of multi-period budgeting was used for the analyses 
and the cost of time required to obtain the produce of perennials was 
taken into account. The expected future revenues from different 
intercropping systems were valued in terms of the Sum of their Net Present 
Values and also their amortised values or annuities which were used as the 
main criteria for economic comparisons. Subsidiary criteria, such as 
Return per labour day. Cost/price sensitivity index. Discount rate 
sensitivity index. Land use factor and Crop intensity factor also were 
used. The sensitivity of the SNPV to changes of major uncertain parameters 
such as prices, yields and personal discount rates were analysed to rank 
the alternatives available. 
Of the sole crops analysed, mature coconuts had the lowest SNPV, 
annuity and the labour requirements. These values were substantially 
higher in all the intercropping models. It was found that early yielding 
intercrops such as betel, ginger and turmeric which require higher labour 
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inputs give higher SNPVs at higher personal discount rates and are more 
suitable for farmers who operate small and medium size farms and have 
a high potential family labour availability. Crops such as pepper and 
coffee, which give a higher return for labour and higher SNPVs at low 
discount rates are more suitable for larger farmers who have low personal 
discount rates. The results endorse the recommendations of agricultural 
scientists that pepper grown using coconuts as support should be grown 
as an integral part of all cropping models as it costs little in terms 
of material inputs and is an extremely stable crop. 
The methods of replanting at present employed in the survey area 
were found to be uneconomical and this suggests that research is necessary 
into high yielding coconut varieties suitable for different agroclimates 
and into methods of replanting and the yield and age at which replanting 
should be done. The method of replanting proposed in this thesis, i.e. 
replanting the less productive 50 per cent of the palms, makes intercropping 
possible throughout the lifespan of coconuts and provides higher SNPVs 
than those obtained from other methods. 
Finally, this study provides an insight into the different 
typical farms of the region and also into the way different models 
interact with the resource base of the farmers. This modelling process 
can have an important application at the field level. Finally, this 
study suggests that a successful regional planning program in the 
agricultural sector could start with the identification of the typical 
resource bases of different categories of farmers. 
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CHAPTER 1 
INTRODUCTION 
1.1 General Background 
The Island of Sri Lanka has an area of 16.2 million acres and, 
as estimated in 1979, a population of 14.5 million increasing at the rate 
of 1.8 per cent per annum. The average per capita income in 1979 was just 
over US$200 per annum and about 40 per cent of the population had incomes 
below the official 'poverty line' which was based on the eligibility for 
subsidised food rations (Central Bank of Ceylon, 1979). 
However, because of the well developed social welfare scheme, the degree of 
poverty is not extreme. 
Agriculture plays a major role in Sri Lanka's economy, accounting 
for 33 per cent of the GDP, 53 per cent of total employment, about 75 per 
cent of export earnings and a large share of public revenue (Central Bank 
of Ceylon, 1981). Since approximately 80 per cent of the country's total 
population lives in rural areas, economic growth depends largely upon the 
performance in the agricultural sector. This, in turn, largely depends on 
the rainfall generated by the two monsoons. 
The island being located between 5°55" and 9°5d' North Latitude 
and 79°42' and 81°42' East Longitude, is tropical. There are great 
variations in climate over short distances because of the country's mountains, 
but for convenience it is usually divided into four climatic zones, the Wet 
Zone (more than 75 inches of rainfall). Semi Wet Zone (65"-75"), Semi Dry 
Zone (50"-65") and the Dry Zone (less than 50"). In the Wet Zone there are 
some 10 million people which gives a population density of 1,800 per square 
mile compared to that of the Dry Zone where it is 200 (see Figure 2.5). 
Paddy occupies the largest proportion of the arable area of the 
island, with coconut coining next. Rice is the principle staple food in 
Sri Lanka, but coconuts are also being imported. On the average, every 
inhabitant consumes 90-95 fresh nuts and the oil from a further 35 nuts 
per year. Thus consumption amounts to a total of 125 to 130 nuts per 
capita per year. This implies that domestic consumption requires about 
three to four mature palms per capita. 
1.2 Coconut Sub-Sector of Sri Lanka 
The coconut industry contributes 4-5 per cent of the gross domestic 
product, and 11 per cent of the total export earnings of Sri Lanka. It 
also provides a livelihood to a large number of people including not only 
primary producers but also those engaged in the production, processing and 
marketing of coconut products. The total work force supported by the 
coconut industry, including workers engaged in cottage industries based on 
coconut fibre, is estimated to be over 155,000 which is 3.1 per cent of the 
total work force (People's Bank, 1981). 
While coconut palms have always formed a part of the subsistence 
sector, extensive plantations were developed during the colonial era so that 
the area under coconut expanded considerably during the late 19th and early 
20th century. In 1962 it was estimated that the area under coconut palms 
was 1.1 million acres and since then it has remained more or less constant 
due to lack of additional suitable land. Table 1.1 gives the utilization 
of arable land and shows that the area under coconut is more than the sum 
total of the area under both the other major export crops, namely tea and 
rubber, even though their contribution to export earnings is much greater. 
1.2.1 Distribution of Coconut Lands 
The most recently available data on coconut acreage for Sri Lanka 
TABLE 1.1 
COMPARISON OF M A J O R AGRICULTURAL 
CROPS IN SRI LANKA 
Crop Extent 
(acres) 
Work Force 
('000) 
Export Value(1978) 
(Million Rs) 
Tea 
Rubber 
Coconut 
Paddy 
636,230 
561,850 
1,153,000 
2,162,000 
463 
89 
1 8 ^ 
n . a . 
6400.9 
2020.6 
971.6 
n . a . 
Note: a W o r k f o r c e engaged in the production of coconuts o n l y . 
Source: Central Bank of Ceylon, 1979. 
are from the 1962 Census of Agriculture which estimated that 1,152,418 acres 
or 29 per cent of the total cultivated area of the island was under coconut. 
Their importance varies considerably between regions with W e s t e r n , 
North Western and Southern provinces accounting for 83 per cent of the total 
area of coconut lands. Two-thirds of the coconut area is concentrated in 
the three administrative districts north of Colombo, in w h a t is popularly 
referred to as the 'Coconut Triangle'. The coastal belt south of Colombo 
through K a l u t h a r a , Galle and Mathara to Hambanthota district ranks as the 
second most important a r e a , and this adds a further 14 per cent. Colombo/ 
Gampaha and Kegalla are two adjoining districts located in the south-east 
part of the 'Coconut Triangle' and they contribute 25 per cent of the total 
area under coconuts in the island (see Table 1.2). This study is based on 
the intensive farming practices of the small coconut farmers in that area 
(see Figure 1.1). 
1.2.2 Size Distribution of Coconut Holdings 
Coconut production in Sri Lanka is characteristic of a dual economy. 
Two decades ago most holdings w e r e Ih. to 50 acres in size, but 20 per cent 
FIGURE 1.1 
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TABLE 1.2 
LAND UNDER COCONUT CULTIVATION 
BY ADMINISTRATIVE DISTRICTS - 1962 
District Acreage Percentage 
Sri Lanka 1152418 100 
Colombo/Gampaha 219988 19.1 
Kaluthara 37652 3.3 
Kandy 20931 1.8 
Mathale 21503 1.9 
Nuwara Eliya 1441 0.1 
Galle 37090 3.2 
Matara 37278 3.2 
Hambanthota 51667 4.5 
Jaffna 30543 2.7 
Mannar 3352 0.0 
Vavuniya 384 7 0.0 
Batticalo 15946 1.4 
Amparai 7737 0.1 
Trincomalee 4259 0.1 
Kurunegala 387026 34.0 
Puttalam 145579 12.6 
Anuradhapura 13273 1.1 
Polonnaruwa 6809 0.1 
Badulla 1267 0.1 
Monaragala 7120 0.1 
Rathnapura 28179 2.5 
Kegalla 63931 6.0 
Source: Department of Census and Statistics, 1965. 
were less than Ih acres. This category was predominantly semi-subsistence 
home gardens. A further 27 per cent of the total extent was in the large 
estate sector, while the 53 per cent balance consisted of holdings which 
produced a marketable surplus in addition to the family subsistence requirement. 
This situation has changed during the last twenty years as a result of 
population increase and the enforcement of the 50 acre legal limit on the 
size of holdings which was introduced under the Land Reform Act of 1972. 
The size distribution of coconut holdings in the three Wet Zone 
districts (Kaluthara, Galle and Mathara), after the land reform is shown 
in Table 1.3 which shows that about 93 per cent of coconut farms are from 
1 to 10 acres and they together constitute about 60 per cent of all 
coconut plantings. The inequality in the distribution of coconut holdings 
TABLE 1.3 
PERCENTAGE SIZE DISTRIBUTION OF COCONUT LAND 
HOLDINGS IN THREE WET ZONE DISTRICTS OF SRI LANKA 
Holding Extent of Number of Average Size 
Size Holdings Holdings of Holdings 
(acres) (per cent) (per cent) (acres) 
Up to 1 5.10 25.4 0.669 
1 - 2.5 19.75 41.5 1.59 
2.5 - 10 36.00 25.9 4.46 
10 - 25 19.92 5.2 12.74 
25 - 50^ 19.23 2.0 32.43 
Note: a Land ceiling at 50 acres. 
Source: de Silva, N.T.M.H., Van Tilburg, P., Lok, S.H. (1978). 
is illustrated in Figure 1.2 and the Gini coefficient of 0.356 calculated 
from its curve. The inequality in the size of coconut holdings leads to 
an inequality in the income. Most small farmers try to offset the 
difference in farm size adopting more intensive farming practices by 
employing more family labour. 
The Lorenz curve in Figure 1.2 is obtained by plotting the 
cumulative per cent of area against the cumulative per cent of the number 
Cumulative 
Per Cent of 
Extent 
FIGURE 1.2 
CUMULATIVE COCONUT LAND DISTRIBUTION 
IN THREE WET ZONE DISTRICTS 
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of holdings. The Gini Coefficient, G, is calculated on the basis of: 
100 
/ [x - f(x)]dx 
0 = ^ ^ 
hdOO) 
where x is cumulative per cent of the number of holdings and f(x) is the 
cumulative per cent of area (Yotopoulos and Nugent, 1976). The 1 to 10 
acre size category is important as it includes the large number of farms 
considered to be 'small holdings', while holdings of less than 1 acre are 
termed 'home gardens' or, if they have other tree crops, 'forest gardens' 
Holdings of 10 acres and above are considered to be 'large'. In this 
thesis economics of intercropping in 'small' holdings of the survey area 
are examined. 
1.3 Productivity of Coconuts 
The production per unit area of monocultural plantation crops in 
Sri Lanka is shown in Table 1.4. As it shows, the net revenue of monoculture 
coconut is less than 50 per cent, and its employment generation capacity less 
than 30 per cent of rubber. Compared to those of tea, the net revenue is around 
20 per cent and the employment generation capacity is less than 10 per cent. 
TABLE 1.4 
PRODUCTIVITY OF LAND WITH THE MAIN PLANTATION 
CROPS UNDER MONOCULTURE IN SRI LANKA 
Crop Yield/Ac F.O.B. Price Revenue/ Cost of Net Revenue Employment 
Ac Production Per Acre Man Days 
(Kg.) (Rs) (Rs) (Rs) (Rs) per acre 
Tea 384.8 
Rubber 341.6 
Coconut 401.6^ 
Cocoa 593.88 
33.20 
14.64 
1.00 
48.30 
12783.06 
5001.03 
1928.00 
28684.40 
10.50/Kg. 
4.85/Kg. 
250.00/Ac. 
n. a. 
8742.66 
3344.27 
1678.00 
n.a. 
1.25 
0.35 
0.10 
n.a. 
Note: a 401.6 kg. of copra is equivalent to 1,928 nuts. 
Source: Computed using data from Central Bank of Ceylon, 1979. 
Some increase in the productivity of monoculture coconuts can be 
achieved through the adoption of appropriate management practices such as 
fertilizer application, weed control, and plant protection measures but 
recommendations along these lines have not received ready acceptance by 
small farmers because they did not provide an immediate increase in net 
returns; nor did they generate adequate increases in gainful employment. 
The breeding of high yielding varieties of coconuts adaptable to local 
conditions does not readily provide an increase in productivity because 
of the gestation period of about 7 years required.^ 
For these reasons increasing the productivity of coconut lands 
by increasing the production of the sole crop is limited in a short run 
but because coconuts are essential in the Sri Lankan diet small holders 
have continued the practice of growing compatible crops under coconuts in 
order to increase revenue from the farm. Despite this the Coconut 
Research Institute has sought to develop plantation biased sole coconut 
production techniques. However, some agricultural scientists have taken 
the traditional coconut farming system seriously and sought to develop 
techniques to increase the productivity of coconut lands by reexamining 
the precise resource requirements and constraints of coconuts and the 
extent to which modifications in cultural practices would permit resources 
to be used more efficiently. 
These agro-economic considerations, together with the rainfall 
zones and the cultivation seasons influencing the intensive farming 
practices will be discussed in the next chapter. 
1.4 Intercropping 
Prior to the colonial era coconuts were grown together with other 
crops in what are now known as forest gardens (McConnell, D.J. and 
1 There are many other problems. Unlike in annual crops, coconut breeding 
is beset with problems and difficulties. The perennial nature of palm, 
its height, the absence of genetic purity in the breeding material, the 
apparent impossibility of clonal propagation, the long period of 
experimentation necessary to obtain results and the large area required 
for well laid out trials all raise difficulties (K. Satyabalan, 1976). 
10 
Dharmapala, 1973). To increase exports plantations and their 
supporting services were established and as a result the area of coconuts 
under monoculture was increased. 
In 1968, 0.62 million acres out of the 1.1 million acres of 
coconuts were under pure monoculture. The rest of the area was under 
intercropping of low intensity. Some indications of the extent and type 
of intercropping are given in the Ministry of Finance survey in Kurunegala 
district (Hussain, Perera and Karunasena, 1978). 'Systematic' intercropping 
was not common, with only 5.7 per cent of farmers intercropping on only 
1.3 per cent of the land. A further 1.7 per cent of farms had improved 
pastures on 2.4 per cent of the land although nearly 70 per cent of the 
farms had livestock. The ARTI study of Class II coconut lands in Colombo 
District revealed that about 40 per cent of smallholders practised 
intercropping although in some cases this was little more than a few banana 
plants for family food consumption and local sales and therefore could not 
properly be termed 'intercropping'. A survey of coconut holdings of 
Kaluthara, Galle and Mathara districts indicated that intercropping was 
practiced in some form or another on almost all coconut holdings. There 
the most commonly cultivated intercrops were banana, coffee, pepper, 
pasture, cinnamon, pineapple, passion fruit, ginger, turmeric, manioc and 
various kinds of vegetables. However, these intercrops occupied only 
9.2, 7.8 and 4.9 per cent respectively of the coconut lands in the three 
districts. 
All surveys revealed that intercropping was commonly practised 
by coconut cultivators even though it was often non-systematic and small 
in scale. The various government agencies responsible for the development 
of coconut lands, such as Ministries of Planning, Plan Implementation, 
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Coconut Industries and Coconut Development Authority (CDA), Coconut Research 
Board (CRB) and the Coconut Cultivation Board (CCB) have all attempted to 
popularise and increase the extent and intensity of intercropping. 
Coconut Development Act No. 46 of 1971 provided for the setting up of a 
CDA and four other boards such as CCB and CRB which would have the following 
functions: 
(1) The development and assistance in the development of 
the productivity of land in coconut plantations. 
(2) The identification of land in coconut plantations 
suitable for interplanting with other crops and the 
promotion, direction, carrying out and assistance 
in the carrying out of interplanting programs on 
such land. 
(3) The specification, popularisation, promotion and 
direction of proper cultivation practices in respect 
of the growing of coconut and other crops in coconut 
plantations. 
In order to achieve these functions the Coconut Cultivation Board 
started a scheme to promote the systematic intercropping of coconuts with 
selected perennials. Despite this, systematic intercropping has not 
been adopted on a significant scale. 
In 1977 and in 1980 World Bank and FAO project teams emphasised 
the importance of intercropping coconut lands and because of this, the 
Ministry of Coconut Industries, in collaboration with other government 
agencies such as Ministry of Finance and Planning, Coconut Development 
Authority (CDA), Coconut Cultivation Board (CCB), Coconut Research Board (CRB), 
Agricultural Development Authority (ADA) and Department of Minor Export 
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Crops (DME), proposed on the 10th May, 1979, a study of the present 
situation and the future potential of intercropping coconut lands. The 
study group was to examine seven major areas of concern and in doing so 
assigned responsibility to sub-groups to investigate and report back on 
the following topics: 
Soil and Climatic Conditions 
Economic and Financial Analysis 
Farm Models 
Technical and Institutional Support 
Input Supplies 
Marketing 
Farmer's Views (Government of Sri Lanka, 1979) 
Most of the sub-groups were to report back within a few months and so they 
were required to devote their time to collating existing material rather 
than initiating new research. However, a special survey was anticipated 
in order to find out the farmers' views. 
There was a large amount of data for the study groups to collate. 
Not only were there recent studies of ARTI (ARTI, 1973 and 1977), and the 
Development Planning Unit, (Hussain, Perera and Karunasena, 1978), 
Hussain (1978), numerous 'in house' studies by the Coconut Cultivation 
Board, the Agricultural Development Authority, the Department of Minor 
Export Crops, the Coconut Research Board, but also a vast array of data 
assembled by the FAO/UNDP team, and also in the reports of the Ministry 
of Plantation Industries Agricultural Diversification Project for the 
marginal tea lands of Sri Lanka (see Ilangasinghe, 1979 for a survey of 
the studies relating specifically to multi-storey cropping). These are 
the data sources used in this study. They were rearranged by the author 
into appropriate format for the analysis, who was assigned the task of 
preparing crop budgets for the above study. 
The report of the scientists who were assigned the task of 
submitting the farm models for the above study, was given in the tableau 
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form presented in Table 1.5. They listed 12 distinct climatic/soil/ 
terrain categories and four age groupings for coconuts during which the 
technical possibilities change. A large number of crops was suggested 
as possible during the first five years while eleven basic cropping 
systems or 'crop models' (A to K) were given for permanent cropping 
under palms of over 15 years of age (although the establishment period 
starts in year 10). In addition a number of short term crops, for 
example, ginger and turmeric, could be grown in this period. Each of 
the ecological categories had at best four potential cropping systems 
to choose from. In all, 88 combinations of environment and crops were 
included in the above report while there are literally thousands of 
permutations possible from the wide range of crops listed. 
1.5 Objective of the Study 
Thus, the objective of this study is firstly to examine the 
current intercropping practices of a sample of coconut farmers and then, 
using the information fathered from the survey conducted in the Colombo/ 
Gampaha and Kegalla districts, ti identify some typical situation. 
Secondly, it will assess the economics of some systematic intercropping 
models under the identified typical situations. The economic analysis 
is confined to the cash earning and employment potentials of the different 
models. It is not feasible to investigate all 88 distinct technological 
input/output matrices and so this study is confined to the situations found 
in coconut holdings of the Colombo/Gampaha and Kegalla districts which fall 
within the low country wet zone of Sri Lanka. 
The Organization of the Thesis 
The next chapter deals with the technical feasibility of inter-
cropping and the agro-climatic conditions, seasonality of agricultural 
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TABLE 1.5 
CROPS AND CROP COMBINATIONS FOR 
INTERCROPPING UNDER COCONUTS 
For drawing up the IntercroppingPrograrimes the electorates of the Coconut growing areas have been divided into three group, i.e. 
I, II and III. Areas characterised by a well distributed annual rainfall of not less than 1750 ™ will be the most suitable area for 
high intensity mix cropping with almost all crops. Water logged areas are generally unfit for mix cropping except with suitable pasture 
grass and paddy. The choice of the crops for mix cropping will depend upon rainfall pattern, soil depth, terrain of the land and age of 
the coconut plantation as given in the table. 
CROPS FOR DIFFEKEilT ZOUES Alg) SOILS 
Group 
(WL, ^ , J , lij* 1, 2, 3 and 4; 1 
II III 
2. 3 and 
Soil depth Shallow 
(Less than 1 m) 
Deep Shallow Deep Shallow Deep 
Land Terrain Sloping F S F S F s F S F S 
1 2 3 4 5 6 7 0 9 10 11 12 
A^e of Coconut 
Up to 5 years Paddy Pineapple SajDe as Same as Same as Same as Same as Same as Paddy Castor Same as Same as 
Maize Banana in 1 + in 2 + in 1 + in 2 + in 1 + in 2 + Pulses DrujQ- in 9 + in 10 + 
Pulses Pasture Cinnamon Cinnamon Citrc- Citrc- Cinnamon Citro- Kurukkan stick Cinna- Cinna^ 
Manioc Papaw nella nella Oitro- nella liaize Papaw mon mon 
Ginger Passion Lemon Leraon nella Lemon Sorghum Citro-
Tumeric fruit grass grass Lemon grass Castor nella»* 
Passion Gingerlly crass Cinnamon Manioc Lemon 
fruit Gingerlly Ground grass** 
Pine- nut 
apple Papaw 
Banana Citro-
Pasture nella 
Yams Lemon 
Veget- grass 
ables Gingerlly 
5-10 years No Intercropping 
10-15 years Establishment of Perennial Intercrops 
Over 15 years Pasture Pasture As in 1+ As in 2+ As in 1 As in 2 As in 5 As in 4 I-lanioo As in 9 As in 9, As in 11 
Pine- Pineapple Cacao Cacao except + Citrus Pine- except +Mango 
apple Banana Coffee Coffee Clove Grape- apple Kurukkan Lime 
Banana Papaw Clove Clove Citrus fruit Banana and Grape-
Papaw Passion liulberry I'iUlberry Grape- Lime Papaw Manioc fruit 
Passion fruit fruit Mango Castor 
fruit Pepper Line Kurukkan 
Manioc Cinnamon tiango Citro- J. 
Ginger nella ''Graft with limited 
Tumeric Lemon canopy (e.g. Vilad) 
Pepper grass 
Cinanon 
Crop Systems 
ABCDEIK ABDCEI ABCDEFGH ABCDEFG ABCDEIK /J3CDEI JVBCDEFG ABCDEF BCDIJX BCDJ BCDIJK BCDJ 
IJK HIJ (No pepper on coconut) 
Kote: In areas with 'Cinnamon sand' Cinnair.on alone may be planted. 
A. Pepper in Coconut + Pasture 
C. 
D. 
E. 
F. 
- do -
- do -
- do -
- do -
- do -
+ Pineapple 
+ Banana (Avenue) 
+ Papaw ( " ) 
+ Pepper ( " ) 
+ Cacao (' " ) 
G. Pepper in Coconut + Coffee (Avenue) 
H. - do - + Clove ( " ) 
I. - do - + Cinnamon ( " ) 
J. - do - + Citronella/LeKon grass 
IC. - do - + i-ianioc/Yajr.s/Gin.'jer/Tuiaei'ic 
• Refers to the symbols followed in the Agro-ecological regions of Sri Lanka, Depal-ti-ent of Agriculture. 
** Both the grasses should not be grown in the sa-.e electorate. 
•»• Less than 5 .i slope. 
Source: Bavappa, K.V.A. and Jacob, V.J. 1979, Personal Communication. 
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activities and the seasonal demand for labour in the study area. The 
third chapter presents the analysis of the sample survey data and 
identifies 'typical' situations. The fourth chapter discusses the 
methodology and the techniques used for the economic analysis of the 
intercropping models. The fifth chapter presents the results of the 
analysis based on MULBUD, a multi-period budgeting computer technique 
and discusses the results. The final chapter gives the summary and 
conclusions of the study. 
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CHAPTER 2 
INTENSIVI' CROPPING SYSTEM FOR COCONUT LANDS 
IN COl-OMBO/GAMP AHA AND KEGALLA DISTRICTS 
2. I I n t roducL i on 
'I'licrc nre l)asically only two ways to increase the production of 
a crop: to increase either its cultivated area or its yield per unit area. 
In most Asian countries the present trend is to increase production through 
the intcnsification of cropping in space and time, as the land available 
for increasing the cultivated land area is limited. Attempts to increase 
crop jiroduction by the multiple use of the same resources within the same 
time period are broadly referred to as multiple cropping. 
The use of the same piece of land to grow different crops 
simultaneously has been a traditional practice in the warmer parts of the 
world wliere tlie climate does not impose seasonal limitations to crop growth 
as it does in temperate regions. Andrews and Kassam (1976) who defined 
multiiile cropping as the "intensification of cropping in space and time 
liimensions - growing two or more crops on the same field in a year" divided 
multijile crt)pping patterns into two major categories: 
(1) Intercrojiping. 
(2) Se(iuential Cropping. 
•I'hey ilefincd 'intercropping' as the practice of growing two or 
more crops simultaneously on the field so that there may be intercrop 
com|ietition during all or part of the crop growth. This differs from 
' sei|uon t i a 1 ' cro|iping in which the crops are grown successively as is the 
case witli doulile (and triple, etc.) and ratoon cropping. 
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The principle of the intensification of cropping in space need 
not be restricted to single years. Thus, Singh and Nair (1973) have 
suggested that multiple cropping may be better referred to as a philosophy 
of maximizing crop production per unit area of land and per unit of time 
without causing soil deterioration. Accordingly the number of crops 
grown per unit time is not the criterion, but rather the extent to which 
the opportunities for multiple use of the same resources are utilized 
through repeated and/or intensified cropping. Thus, multiple cropping 
represents the most intensive form of crop management and it may be manifested 
in various forms so that intercropping may consist of the practice of 
growing one or more crops with a perennial crop such as coconut. In this 
case, although the competition between crop species for biological resources 
such as sunlight, soil moisture etc. will increase with intensification, a 
higher land productivity can be achieved by the 'systematic'^ use of the 
land through intercropping. 
2.2 Intensive Cropping Systems Involving Coconuts 
The strategy for intensive cropping is to have parallel combinations 
of crops in such a way that crops of less duration are planted in the 
interspaces without altering the planting pattern or intensity of the main 
crop, coconuts (Nair, 1979). Thus, intensive cropping systems involving 
coconuts are essentially crop combinations which envisage the cultivation 
of other compatible crops in the interspaces between the palms, and are 
possible only under situations of coconut planting where other crop species 
can be successfully grown below or between the palms. Depending upon the 
1 Here the systematic land use refers to 'deliberate cultivation of plants 
on the same piece of land as agricultural crops and/or for animals, 
either in some form of special arrangement or in sequence'. (Program 
of Work for 1982, The International Council for Research in Agroforestry 
(ICRAF) Niarobi, Kenya.) 
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spacial arrangement of the additional crop(s) so grox^m, the cropping system 
shall be considered as intercropping or multi-storeyed cropping as defined 
in Section 2.1. 
The planting pattern of a row-planted intercrop (inter and intra 
rov7 plant distances) determines both the spacial arrangement and the 
number of plants per unit area. Intercropping or multiple cropping of 
annual crops might be viewed as being located in this two-dimensional 
space (area) with a one year time horizon. With perennial crops of 
different heights there is three-dimensional space to consider and a time 
horizon which is often expressed in decades. The three-dimensional concept 
is well captured by the common term 'multi-storey' cropping. The third, 
vertical dimension extends both above ground to the canopies of component 
crops and below ground to their root systems. This is illustrated in 
Figure 2.1. 
In traditional intercropping systems, farmers tend to decrease 
plant densities below the monocropping level they are used to. This is 
justified when limitations in soil moisture or nutrients do not support 
higher stand densities, but it makes traditional intercropping an extensive 
system with low productivity. On the other hand, ample information exists 
on the influence of plant density on yield of intercropped food plants, 
indicating that when resources are not so limiting, the closer the 
population densities of the associated crops get to their respective 
monoculture levels, the greater are total yields due to an optimal 
utilization of the resources complex (Desir and Pinchinat, 1976). 
Therefore, in systematic intercropping under coconuts, the cultivation of 
intercrops in interspaces of coconuts at densities closer to their 
respective monoculture levels, would increase the productivity of coconut 
lands. 
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FIGURE 2.1 
SCHEMATIC PRESENTATION OF GROWTH PHASES OF COCONUT 
PALM INDICATING THE POSSIBILITIES FOR CROP COMBINATIONS 
^W-ilifj^ 
JM i\(\i. 
lILIIIi 
A. Early phase (up to about 8 years after planting): Canopy of the palm 
develops gradually, much scope for intercropping. 
B. Second phase (about 8-25 years): Greater coverage of the ground by 
coconut canopy, very limited scope for intercropping. 
C. Third phase (after about 25 years): Coverage of the ground by canopy 
is reduced, mixed cropping possible; a multistoreyed crop combination 
of coconut + black pepper + cacao is depicted. 
Source: Nair (1979). 
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Crop Intensity Factor 
The relation between the population density of intercrops to 
their respective monoculture levels is measured by crop intensity factor 
(GIF < 1). This is defined as the ratio of a particular plant density 
for an intercrop to the normal or standard plant density when the crop is 
grown as a sole crop, 
_ Plant density of an intercrop Llr — Plant density of the same crop under monoculture 
For example the GIF for coconuts is 1.00 as the standard plant 
spacing for coconuts as a sole crop, is used for intercropping too. The 
GIF for growing pepper on coconut is 128/800 = 0.16 where 128 vines are 
grown, while the standard plant density for a sole pepper crop is taken 
as 800 vines to the acre. The GIF is analogous to the Multiple Cropping 
Index used in annual crop studies and gives a measure of the intensity of 
intercroppings of coconut lands (Etherington et al, 1981). The GIF of 
some of the intercrops used in this study are given in Table 2.1. 
TABLE 2.1 
CROP INTENSITY FACTORS OF INTERCROPS 
Crop Botanical Name GIF 
Betel Piper be tie 1 
Turmeric Cucuma domestiaa 1 
Ginger Zingiber officinale 1 
Pineapple Ananas sativus 0.6 
Manioc Manioc utilissima 1 
Banana Musa sapientum 0.6 
Pepper on 
Coconut Pepper nigrum 0.16 
Pepper Pepper nigrum 0.56 
Coffee Coffea robusta 0.56 
21 
The Land Use Factor 
The land use factor (LUF < 1) is defined as the proportion of 
the surface area of land used by a crop at a particular plant density 
(Etherington et al, 1981). In the case of most intercrops where the 
canopy cover and root space are not very different, the LUF is the 
proportion of land area allocated to a particular crop and not the sum 
total of the area occupied by individual plants. 
But with crops such as coconuts, where the canopy cover is much 
larger than the root space, the surface area of land used by the root 
system is much smaller than the area allocated to the palms at the normal 
planting density of 26 x 26 feet. The roots of a mature coconut palm 
are concentrated within a radius of 6.5 feet around the palm under normal 
management conditions. Vertically, the top one foot of the soil is 
practically devoid of functional roots and about 85 per cent of roots are 
found between 1 and 4 to 5 feet depth from the surface (Kushwah et al, 1973). 
2 
Thus out of the 676 ft (26 x 26 ft) allocated to each palm, the surface 
2 2 
area occupied by active roots is 132.8 ft (it r where r = 6.5 feet). 
Therefore, the per cent of land used by the palm is 132.8/672 x 100 = 19.7%. 
In a pure stand of coconuts under normal management about 5-6 per 
cent of the land is occupied by drains, bunds and paths. Thus, about 
75 per cent of the total area is not being used effectively. Therefore, 
the land use factor for coconut is taken as 0.25. 
The orientation and the structure of the long leaves at the top 
of the trunk permits part of the solar radiation incident on the foliage 
to pass through to lower profiles on the ground. The magnitude of 
radiation so transmitted and the shade cast by the coconut canopy is a 
dynamic factor varying with the age of palms. Light transmission decreases 
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as the leaf canopy of the newly established Tall palms extends to its mature 
size at five to eight years, then the percentage of light transmitted 
drops to about 20 per cent, and this remains almost constant till about 
25 years of age, at which stage the increasing heights of the palms 
increases light transmission from slant rays (Figure 2.2). Thus, at 
FIGURE 2.2 
LIGHT INTERCEPTION AND PENETRATION 
IN A COCONUT STAND OVER TIME 
100 
80 
60 
40 
20 
10 20 30 40 50 60 70 
Age of Tall Palms (Years) 
Apparent Coverage of Ground 
Light Transmission Through 
Canopy 
Source: Nelliat, Bevappa & Nair (1974) 
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different stages of the coconut stand's life-cycle, light availability 
for other crops will first decrease and then increase and the potential 
for intercropping will change accordingly. Given the changing potential 
for other crops, it is likely that a suitable combination of intercropping 
with annual and perennial crops could be designed to fit the biological 
constraints best. The life span of coconuts could be divided into four 
stages according to the potential for intercropping. The intercrops 
and some of the suitable combinations suggested by scientists of Sri Lanka 
for different stages of growth of palms are given in the Table 1.5. 
Theoretical Framework for Combination of Crops 
Etherington (1980) notes that the complexities of possible 
interactions between crops are enormous, with both complementary and 
competitive effects possible depending on the specific crops and their 
relative densities. The complementary, supplementary and competitive 
effects result from different types of relationships between one product 
and another (Product-Product relationship). The economic analysis of a 
product-product relationship is explained in terms of a production 
possibility frontier (PPF) or product transformation curve such as that 
presented in Figure 2.3. The output of the two crops are placed on 
separate axes and the transformation of total output (or yield) is 
represented by the curve AD. Three segments of this curve show important 
differences in the transformation between products. The segment AB 
represents a segment of complementarity, where the increased output of 
one crop is associated with an increased output of the other. BC 
represents a competitive situation where more of one crop can only be 
achieved by producing less of the other. The segment CD shows a 
supplementary relationship where output of crop Y can be increased without 
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Production 
of 
Crop ^ 
Y 
0 
FIGURE 2.3 
PRODUCTION POSSIBILITY FRONTIER 
Production of Crop X 
influencing the output of crop X. The movement from A to B or D to C 
under complementary and supplementary relationships respectively, occurs 
irrespective of the prices of the products. Between B and C, the 
allocation of resources to produce the optimum combination will depend on 
relative prices of the commodities. 
Based on the types of relationships it is necessary to select 
complementary or supplementary crops as intercrops. It is often a complex 
matter to select from alternative crops even within a single intercropping 
system. Out of the many farm planning methods available for selecting 
25 
from alternatives to achieve the objective function of the farmer, 
budgeting and linear programming are two methods widely used in developed 
countries. In this study, where perennial crops are involved a multi-
period budgeting technique, which will be discussed later, will be used. 
Willey (1979 ) discussed the biological basis for intercropping 
advantages under two subdivisions: those concerned with biological resource 
use and those relating to yield stability. In terms of resource use, 
"a yield advantage occurs (usually) because component 
crops differ in their use of growth resources in such 
a way that when they are grown in combination they are 
able to 'complement' each other and so make better 
overall use of resources than when grown separately. 
In terms of competition, this means that in some way 
the component crops are competing for exactly the same 
overall resources and thus intercrop competition is 
less than intra-crop competition. Maximising the 
degree of 'complementarity' between the components and 
minimising the inter-crop competition. On this basis, 
intercropping advantages are more likely to occur where 
the component crops are very different." (Willey, p.7) 
It is necessary to examine two important dimensions of biological 
resource use namely temporal and the spatial, in order to discover any 
yield advantages. Irrespective of whether one is dealing with biological 
resources such as light, nutrients, water or carbon dioxide, the temporal 
advantages of intercropping are particularly evident during the immature 
phase in the growth of perennial crops. Thus, for example, the growing 
of pineapple, manioc etc. as a 'catch' crop in young rubber plantations 
is a common practice that makes use of the fact that 'the growth patterns 
of the component crops differ in time so that the crops make their major 
demands on resources at different times' (Willey, 1979, p.12). Perennials 
also provide some of the best examples of efficient spacial use of resources, 
Tlius the multi-storey cropping systems described by Nelliat and others are 
designed so that the canopies of the component crops optimise the spacial 
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interception of light while the root systems draw their nutrients primarily 
from different soil horizons (Nelliat et al, 197A). This is illustrated 
in Figure 2.1. 
The complementarity can mean more than simply the non-competition 
both temporally and spatially of the component crops for biological 
resources such as light, nutrients and water. There may also be positive 
beneficial effects of one crop species for another, for example, the 
provision of shade for shade-loving species, or of a wind break for a 
fragile crop, or there may be genuine symbiotic or synergistic effects. 
With perennials, leaf fall from one crop can result in increases in 
nutrient availability to another crop. Investigations on the fertility 
status of the soil under coconut-cocoa mixed cropping have shown marked 
improvement compared with that of the sole crop stand of coconut. This 
improvement in soil fertility has been largely attributed to the addition 
of organic matter by the periodic shedding of cocoa leaves and the consequent 
intense microbial activity in the rhizosphere region of the crop mix 
(Nelliat et al, 1976). 
The temporal complementarity of intercrops grown with young 
coconut palms highlights the crucial dynamic nature of intercropping effects. 
Whilst complementary effects may exist between component crops during one 
phase of their cropping cycle, competitive effects may exist at other times. 
As coconut palms mature they gradually transmit less and less of the 
available light and 'crowd out' crops of shorter stature. The dynamic 
nature of the changing intensity of shade under coconut is illustrated in 
Figure 2.2. There is a period of 5 to 12 years when no intercrops can be 
grown. However, intercropping is possible during the early and later 
years of the crop when more light is transmitted to the ground. It is for 
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this reason that different cropping systems were designed by the scientists 
in Sri Lanka for the different phases of light availability under coconut. 
These are presented in Table 1,5. 
Aside from the degree of complementarity or competitiveness in 
the use of biological resources, intercropping may result in greater yield 
stability because of compensating effects when one crop fails or grows 
poorly. 'Such compensation is not possible if the crops are grown 
separately' (Willey, 1979, p.10) and consequently this benefit of inter-
cropping must be clearly distinguished from the spreading of a farmer's 
risk by intercropping. Thus, a farmer may spread his yield and revenue 
risk by planting a number of different cash crops. 
Moreover, if these crops are grown as an intercropping system, 
there may be added benefits such as reduced susceptibility to pathogen 
infestation (Harper, 1977). Instances of such hazards of monoculture can 
be seen in plantation cropping. A classic example is the epidemics of 
coffee rust in the late seventeenth century which devastated the coffee 
industry in Sri Lanka. Similarly the monoculture of rubber in South-east 
Asia has only been possible because of the absence of South American Leaf 
Blight which is an endemic fungus of Latin America. Harper concludes 
that 'interspersion of resistant and susceptible plants reduces the 
intrinsic rate of natural increase of a disease' and the 'plant pathologists 
have recognised that the spread of disease can sometimes be controlled by 
interspersion of different species within a pure stand' (Harper, 1977, p.491) 
Most of the interaction effects of intercropping discussed above 
depend on such factors as the relative plant population of the components, 
the total population of each species and the spatial arrangements of the 
plants. Tlie total population will determine the size of the area used by 
28 
each plant while spatial arrangements will determine the shape of the 
space available. Generally the biological optimum total plant population 
under intercropping will yield a higher dry matter production than that 
for either component crop (Willey, 1979). 
It is rare for density of perennials to be deliberately chosen 
for intercropping. Usually farmers intercrop under perennials which 
have already been established. Thus, in multi-storey cropping the plant 
spacing for the 'top storey' shade trees is generally at the accepted 
optimum sole crop plant density. For example, the age-old empirical 
rule of thumb that coconut trees should be planted so that fronds of 
adjacent palms do not overlap results in a plant density of about 64 palms 
per acre (Child, 1974, p.109). The lower storey crops are then fitted 
in as best they can in the remaining space. Considering those interaction 
effects discussed above,intercropping models are built in Chapter 4, with 
the typical situations of the study area identified in Chapter 3. 
The Rainfall Regimen Zones and the Cultivation Seasons 
The agro climate of Sri Lanka is characterised by two monsoonal 
seasons; called Yala and Maha seasons. The Yala season lasting from 
March to August coincides with the South-West monsoon, while September -
February, referred to as the Maha season coincides with the North-East 
monsoon. 
The variations in the intensity and duration of rainfall at 
different seasons of the year result in a broad demarcation of the island 
into a wet zone and a dry zone^ based on the 75" - isohyet of the mean 
annual rainfall superimposed by the 20" - isohyet of the mean South-West 
monsoonal rainfall (Thambyapillay, 1965). 
1 Wet zone and dry zone are not internationally valid terms but applicable 
only to Sri Lanka, representing relative terms; no rainfall station in 
Sri Lanka records a mean annual rainfall of less than 35" (Domros, 1974) 
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The wet zone of Sri Lanka corresponds roughly to the South-West 
quadrant, covering nearly 30 per cent of the total land area. This can 
further be subdivided into a low country wet zone comprising Kalutara, 
Galle and Matara districts in addition to the study area consisting of 
Colombo/Gampaha and Kegalle districts and a mid country wet zone encompassing 
the central hilly districts of Kandy, Nuwara-Eliya and Ratnapura (see 
Figure 2.4). The annual rainfall exceeds the potential evapo-transpiration 
during the average normal years and in addition, the wet zone is 
characterised by the absence of an effective dry period.^ 
More detailed consideration of the rainfall histograms of WL2 
and WL^ in Figure 2.5 shows that rainfall does not vary so much from month 
to month but rather between a wet period with ample rain and a comparatively 
dry period. These periods, however, do not necessarily coincide with the 
seasons. But the distribution of rainfall throughout the year is 
characterised by alternating wet and dry periods (Domros, 1974). 
The distribution of rainfall is bimodal (see histograms of WL^ 
and WL^ in Figure 2.5) in the study area which is located in the low country 
wet zone. The peak rainfall is in May and October with the monsoons 
while the intensity of rainfall is over 100" per annum with a 75 per cent 
expectancy value. Dry periods occur in the second half of January, 
February, March and also August (Government of Sri Lanka, Department of 
Agriculture, 1979). The cropping calendar of the study area used by the 
farmers corresponds to the alternating wet and dry periods of the year. 
The labour requirement for agriculture depends on the rainfall 
distribution over the year. The major activity which absorbs agricultural 
1 The effective dry period is defined by a period of at least three 
consecutive months, each of which receives less than 4" of rainfall 
(Wikramatilake, 1963, cited in Domros, 1974). 
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FIGURE 2.4 
AGRO-ECOLOGICAL REGIONS OF SRI LANKA 
REFERENCE 
Agro-Ecological 
Region Boundary 
District 
Boundary 
Colombo/Gampahal,, / 
District 
100 km 
Source: Government of Sri Lanka, 1979. 
FIGURE 2.5 
AGRO-ECOLOGICAL CHART 
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labour from the rural parts of the study area is the paddy cultivation. 
Mostly one crop of paddy is cultivated for each season giving two crops 
per year. The traditional paddy farmer fits his operations to the 
rainfall patterns shown in Figure 2.5. The land preparation is done 
prior to the monsoon rains with sowing and/or planting at the commencement 
of the monsoon rains. Paddy harvesting is in the drier periods such as 
February-March and August-September. Thus, the peak agricultural activities 
in the study area do not necessarily coincide with monsoonal seasons. 
Therefore, in order to capture the effect of the variations in the demand 
for agricultural labour including family labour, six bi-monthly periods 
per annum will be used for the analysis. 
2.3 Study Area 
2.3.1 Description of the Study Area 
Colombo/Gampaha and Kegalle districts located in the wet zone 
of Sri Lanka were selected for the study. They are two adjoining districts 
having 19.1 per cent and 6 per cent of total coconut area respectively(FLgure 1.1 
and Table 1.2). This area was selected because the farmers there practise 
intercropping more intensively than in other areas and also because both 
districts are serviced by a Regional Office of the Coconut Cultivation 
Board located at Gampaha. 
This area receives more than 65" (1650mm) of rain per annum, 
during two seasons and shows the bimodal pattern of distribution which is 
typical of the wet zone of Sri Lanka. 
The objective of this survey was to gather information on the 
typical characteristics of coconut farms practising intercropping. The 
survey on small holdings of Colombo, Kurunegala and Puttalam districts 
report that about 40 per cent of small holdings practise some kind of 
intercropping, although in some cases this was observed to be little more 
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than a few banana plants for family food consumption and local sales 
(ARTI, 1973). The survey conducted in Kurunegala district (Hussain, 
Perera and Karunasena, 1978) reports that only 5.7 per cent of farmers 
follow intercropping on 1.3 per cent of the land and thus the location 
of the few scattered coconut farms practising intercropping, for the 
preparation of a complete and comprehensive source list would be an 
expensive task. Because of its absence a statistically based sampling 
procedure was not adopted, but instead some coconut farms practising 
intercropping were purposively selected for incorporation into this 
survey. Thus the material extrapolation of the survey results for the 
whole study area is limited. The study is, therefore, presented as a 
case study and as such it has its limitations. Nevertheless it attempts 
to summarise the features of intercropped coconut farms and to identify 
the problems of the intensification of the productivity of coconut lands. 
2.3.2 The Survey 
The field survey was conducted in 1980 by 15 coconut development 
officers (CDO). They were already serving in the two districts and all 
held diplomas and had experience as enumerators. Thus, they were 
knowledgeable about their areas and were sensitive to the customs of 
the people in the region. The regional manager and the coconut development 
officers were briefed on the survey technique and questionnaires before 
the actual survey was carried out. 
The field survey was conducted at the beginning of the major 
cultivating season in the area so that fresh information regarding 
cultivation could be obtained from the farmers. 
The enumerators, with tlieir a priori knowledge of the people and 
the area, were requested to locate farmers practising intercropping. 
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The location and the size class of the selected farms are given in the 
Table 2.2. Eighty-five farmers who intercrop a substantial proportion 
of their coconut lands were interviewed and the information recorded. 
TABLE 2.2 
DISTRIBUTION OF SELECTED COCONUT FARMS IN AGRARIAN SERVICE 
DIVISIONS OF THE TWO DISTRICTS 
District 
Agrarian 
Service 
Divisions 
Number of Farms in the 
of Coconuts 
Size Class 
{h-2h acres) (2V -10 acres) (more than 10 
acres) 
Colombo/Gampaha Aththanagalle - - 1 
Badalgama 3 2 1 
Bogonna - 1 -
Dompe 5 1 -
Calapitiyawa - - 1 
Henerathgoda 2 - 3 
Mabodale 5 - 1 
Minuwangoda 2 - -
Mirigama 4 2 4 
Negambo 1 - -
Nittambuwa 1 - 1 
Pallewela 1 2 1 
Pasyala 1 1 -
Udugampola 7 3 1 
Walpita - 6 2 
Kegalla Ambepussa 2 1 _ 2 
Butuwatta - 1 -
Bowatta 3 1 -
Marapana - 1 -
Paragammana 6 2 -
Total 43 24 18 
FIGURE 2.6 
MAP OF COLOMBO/GAMP AHA AND KEGALLA 
DISTRICTS SHOWING THE LOCATION OF THE 
AGRARIAN SERVICE CENTRES 
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It was intended to follow this descriptive survey with a survey-
to gather cross-section farm input-output data on intercropping for one 
year covering the two monsoonal cropping seasons, the North-East (Maha) 
and South-West (Yala). In this the enumerators would have visited 
selected farmers once a month to gather information on the cost for the 
intercrops. However, although the enumerators were briefed about the 
details and the survey schedules were distributed, it was not possible to 
conduct this survey, mainly due to the increased normal work load of the 
coconut development officers. Therefore, the data required for the 
economic analysis was synthesised in the manner described in Section 1.4. 
2.3.3 Agro-Climatic Conditions of the Study Area 
The study area forms a compact block of some 0.94 million acres 
including areas of water which is 5.7 per cent of the total area. The 
total coconut area amounts to 290,000 acres which is 25.2 per cent of the 
total area under coconut in the country (Table 1.2). 
Climate: There is a small annual variation of monthly mean temperatures. 
The figure for Colombo, a wet zone coast station, averaged 80.9°F over 
30 years. The average relative humidity was 76 per cent by day and 89 per 
cent by night. The rainfall pattern of the study area was discussed 
earlier under cultivation seasons. 
Soils and Topography 
The Colombo/Gampaha district is flat to rolling with red yellow 
podzolic and some bog and half-bog soils. In the north and south central 
parts, the topography is undulating, with red yellow podzolic and low 
humic glay soils. In the eastern part of Gampaha and Kegalla districts 
where the rainfall is higher and the topography rolling, the soils are red 
yellow podzols. 
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2.3.4 Population 
There were nearly 3.3 million persons in the study area in 1971 
and this was 26.2 per cent of the national population. The distribution 
of population in 1971 is shown in Table 2.3. 
TABLE 2.3 
POPULATION IN STUDY AREA 
District 
Total 
Population 
COGO) 
Rural 
Population 
COCO) 
Population Per 
Square Mile 
Colombo/Gampaha 
Kegalle 
Sri Lanka 
2672 
655 
12690 
605 
309 
5018 
3306 
1020 
501 
Source: Economic and Social Statistics of Sri Lanka, Vol.11, No.l 1979 
Central Bank of Ceylon. 
2.3.5 Agriculture 
Coconut is the major crop in the Colombo/Gampaha district and the 
North-Western part of the Kegalle district followed by rubber, then paddy 
and tea. The areas under the four major crops cultivated in the study 
area are given in Table 2.4. 
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TABLE 2.4 
THE MAJOR CROPS CULTIVATED IN THE 
PROJECT AREA IN 1976 
District 
Coconut 
('000 acres) 
Paddy 
('000 acres) 
Rubber 
('000 acres 
Tea 
)('000 acres) 
Colombo/Gampaha 220 65 64 1 
Kegalla 70 28 129 30 
Total 290 93 193 31 
Total Sri Lanka 1152 1147 561 594 
Percentage of Crop 
in the Area 25.2 8.1 34.4 5.2 
Source: Computed using data from Economic and Social Statistics of 
Sri Lanka, Vol.11, No.l 1979, Central Bank of Ceylon. 
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CHAPTER 3 
'TYPICAL' INTERCROPPING FARMS 
3.1 Introduction 
This chapter discusses the characteristics of coconut/intercropping 
farms in the survey area. In Sri Lanka farms more than 10 acres in extent 
are considered to be large. For convenience the farms below 10 acres are 
divided into two groups; the farms less than Ih. acres are small and between 
Ih and 10 acres are medium. 
The survey data are then used to build three 'typical' farms, of 
1, 2 and 5 acres. These typical farms then form the basis of the analysis 
of different intercropping combinations. 
3.2 Family Labour Potential 
In this study the average size of rural households in Sri Lanka is 
assumed to be 5.6 persons (Central Bank of Ceylon, 1974). Twenty-seven per cent 
of surveyed farms had family members employed outside the farm. Of these 
the majority (95.5%) came from the 'small farm' category, which has a lower 
income per person than that of the larger farms. Those working outside 
the farm constituted only nine per cent of the total working population of 
the study area. 
The age and sex composition of the family together with the 
number of its members working outside the farm are the major determinant 
of Family Labour Potential which is calculated by converting the total 
available female child labourers to adult male labour units by the method 
used by Ranatunga and Abeysekara (1977) and Jayantha Perera and Gunawardana 
(1980) in previous economic studies in Sri Lanka. Female and child labour 
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was weighted on the basis of the ratio of their mean wages to male wages 
giving 0.8 and 0.5 respectively. 
The family labour constraint for intercropping is the first 
characteristic of the typical situations that we shall seek to identify. 
The labour available for a unit area of intercropping land will depend on 
the family si ze, the extent of high priority crops like paddy, that have 
a first call on family labour and the extent of coconut land. The 
Potential Family Labour (PFL) is computed after deducting the number of 
family members working outside the farm. Thus, 
P = M-M^ + (F-F^) x 0 . 8 + C x 0 . 5 
where P = Potential Family Labour 
M = male members 
M^ = male members working outside the farm 
F = female members 
Fj^  = female members working outside the farm 
C = child members 
The average PFL for farms in the sample was 3.6 with a standard error of 
0.19. The average increased to 4.2 if the members working outside the 
farms could be attracted to work on the farm. The average PFL for the 
semi-wet and wet zones of Kurunegala, which is a district adjoining the 
study area, was reported as 4.5 (Hussain et al, 1978). 
Only 6 per cent of farms in the sample operated without family 
labour, whilst 40 per cent had more than 4 labour units and 45 per cent had 
2 to 4 units of labour. Table 3.1 shows that more than 50 per cent of the 
farms which employed 2-4 units of labour were small, while 54 per cent of 
the farms were with more than 4 units of labour were in the medium class. 
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TABLE 3.1 
NUMBER OF FARMS HAVING DIFFERENT LEVELS OF POTENTIAL 
FAMILY LABOUR BY FARM SIZE 
Size Class 
nf 
Number of Farms in Family Labour Class (Labour Units) 
Coconut Farms 0 0.1-2 2.1-4 More Than Total 
(acres) 4 
1 3 23 16 43 
(2.3) (6.9) (53.6) (37.2) (100) 
2^ 2-10 1 3 7 13 24 
(4.2) (12.5) (29.2) (54.2) (100) 
More than 10 3 2 8 5 18 
(16.6) (11.1) (44.5) (27.8) (100) 
Total 5 8 38 34 85 
(5.9) (9.4) (44.7) (40) (100) 
Note: Values in parenthesis are percentages. 
Based on these data, 3.6 units of labour were used for the analysis of the 
1 and 2 acre models, and 4.6 units for the 5 acre 'typical farms'. 
3. 3 Hired Labour 
Forty-five per cent of persons living in the rural sector are 
employed in agriculture (see Table 3.2). A study by the Central Bank of 
Ceylon on land and labour use in 1975 estimated that the landless 
agricultural labour group constituted about 36 per cent of all persons 
employed in agriculture and that an additional 22 per cent of agricultural 
workers ov-med some land (Central Bank of Ceylon, 1975). 
Permanent and casual labour are common throughout the study area, 
but while permanent hired labour was employed only on the large farms, 
casual labour was employed on both large and small farms. Detailed study 
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TABLE 3.2 
PERSONS EMPLOYED IN AGRICULTURE 
Rural Sector All Island 
(Per Cent) (Per Cent) 
1. Self employed 
agricultural operators 55 42 
2. Agricultural labour 
(hiring out) 45 58 
(a) Owning land 24 22 
(b) Landless 21 36 
Total 100 100 
Note: a Includes plantation sector. 
Source: Central Bank of Ceylon (1975). 
of the hired labour composition revealed that the majority of farms (59%) 
hired only male labour, although 19 per cent hired only female labour. 
The rest hired both male and female labour. 
Jayantha Perera et al (1980) have shown that there is a surplus 
of labour in the wet zone and that the labourers from there migrate to work 
in the dry zone during busy cultivation periods there. Therefore, any 
additional labour required for intercropping coconuts in the wet zone 
could be met by hiring them at the cash wage rate. Although, according 
to the section 18 of the Agricultural Land Law of 1973, the fixing of 
agricultural wages was a function of the Cultivation Committee of the area, 
little action has been taken to regularise the wages of the agricultural 
labourers. As a result the labour shortage reported by respondents in the 
survey area is not due to an absolute shortage of labour but to the non-
availability of labourers at the low wages offered by the farmers. 
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3.4 Land-Use Patterns 
3.4.1 Land Types 
There are two main land types in the wet zone. The 'low lands' 
of the valley floors and, above them, the 'up lands'. The uplands produce 
the cash crops, whereas the lowlands are used for the production of the 
subsistence crop of paddy. Homestead gardens, small holdings, and 
plantation perennial crops are found on the uplands. Paddy farming is 
nevertheless the mainstay of many wet zone villages and accordingly it 
receives the first priority in farm inputs. 
As illustrated in Figure 3.1, the different land use systems are 
intimately juxtaposed in the study area. While the detail varies from 
place to place, the general principle holds for the two districts of the 
study area (Johnson et al, 1981). 
3.4.2 Crops 
Paddy lands, homestead gardens and small holdings of perennial 
crops, may be considered to be the traditional land use elements but the 
majority of coconut farmers also have homestead gardens and parcels of 
low land for paddy. 
Table 3,3 shows that 43.5 per cent of the farms do not operate 
paddy lands, and of them the lowest proportion was in the medium class. 
The table also shows that paddy parcels of more than one acre are mostly 
cultivated by coconut farmers who have more than Ih acres of coconuts. 
Based on these data three typical sizes of paddy parcels associated 
with the three typical coconut farms were identified: 1,5 acres paddy for 
the 5 acre farm; 0,75 acre paddy for the 2 acre farm; and no paddy for the 
one acre farm. 
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FIGURE 3.1 
LAND USE 
Source: Survey Department of Sri Lanka. 
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TABLE 3.3 
NUMBER OF FAR>IS HAVING 
PARCELS BY 
DIFFERENT SIZE CLASSES 
COCONUT FARM SIZE 
OF PADDY 
Size Class of 
Coconut Farms 
Size of Paddy Parcel (acres) 
0 0-1 More Than 1 
(acres) (Nos) (Nos) (Nos) 
21 
(48.8) 
15 
(34.9) 
7 
(16.3) 
23^-10 8 
(33.3) 
6 
(25) 
10 
(41.7) 
More than 10 8 
(44.4) 
2 
(11.1) 
8 
(44.4) 
Total Per Cent 37 
(43.5) 
23 
(27.1) 
25 
(29.4) 
Note: Values in parenthesis are percentages. 
Table 3.4 presents the data relating to upland crops other than 
coconuts and paddy. It shows crops such as rubber, cinnamon, pineapple 
and tea were cultivated by 23.5 per cent of the coconut farmers in the 
sample area. PFL availability may be affected by these crops but only to 
a very small extent, because they require permanent skilled labour which 
may not be available in the family. 
3.4.3 Livestock 
The coconut farmers in the study area rear cattle, buffaloes, 
goats, pigs and poultry but as shown in Table 3.5, 48 per cent of farms do 
not have any cattle and 42 per cent have fewer than five head. Only 37 per 
cent of the small farms have cattle, while 75 per cent of the medium farms 
rear cattle. Therefore, cattle rearing is considered as typical to medium 
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TABLE 3.4 
NU>IBER OF FARMERS HAVING 'OTHER CROPS 
BY THEIR COCONUT FARM SIZE 
la 
Size Class of 
Coconut Farms Farmers Having Other Crops 
(acres) (Number) (Per Cent) 
11 25.58 
2J5-10 4 16.67 
More than 10 5 27.80 
Total 20 23.50 
Note: a 'other crops' includes sole crops such as rubber, 
tea, cinnamon and pineapple but not coconuts, 
paddy and the intercrops. 
TABLE 3.5 
FARMS HAVING CATTLE BY COCONUT FARM SIZE 
Size Class of 
Coconut Farms 
(acres) 
Farms Having Cattle (Numbers) 
Size of Cattle Herd 
0 1-5 More Than 6 
27 
(63) 
14 
(33) 
2 
(4) 
2I5-IO 6 
(14.6) 
16 
(67) 
2 
(8) 
More than 10 8 
(44) 
6 
(33) 
4 
• (23) 
Total 4 
(48) 
36 
(42) 
8 
(10) 
Note: Values in parenthesis are per cent of farms. 
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size farms, but is not incorporated into the models because of the non 
availability of input output data on cattle farming under coconuts. 
In each size class only 21 per cent of farmers reared buffalo, 
and herds were mostly less than 5 animals (see Table 3.6). 
TABLE 3.6 
NUMBER OF FARMS HAVING DIFFERENT SIZES OF 
BUFFALO HERDS BY COCONUT FARM SIZE 
Size Class of 
Coconut Farms 
(acres) 
Farms Having Buffaloes (Numbers) 
Size of Buffalo Herd 
0 1-5 More Than 6 
34 
(79) 
9 
(21) 
0 
(0) 
25^-10 19 
(79) 
3 
(13) 
2 
(8) 
More than 10 14 
(78) 
3 
(17) 
1 
(5) 
Total 67 
(79) 
15 
(18) 
3 
(3) 
Note: Values in 
farms. 
parenthesis are row per cent of the number of 
Only six farmers kept goats and in each case there were less than 
six on the farm. Only one farmer kept pigs and whilst 24 per cent of small 
farmers kept poultry, only 5.7 per cent of the large farmers did. 
Aside from these statistics, livestock farming was not a significant 
source of revenue to the farm families, but was only for their subsistence 
requirements. Thus, it was decided not to include any livestock farming 
activity in the models. 
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3.5 Land Ownership and Management 
In the sample, 81 per cent of the coconut lands were singly 
owned, 13 per cent jointly owned and 6 per cent leased (see Table 3.7). 
Twenty-one per cent of the medium farms were joint owned as were the small 
and large farms. 
TABLE 3.7 
OWNERSHIP TYPE OF COCONUT CULTIVATORS 
BY FARM SIZE CLASS 
Size Class of 
Coconut Farms 
(acres) 
Number of Farms in Different Ownership Types 
Single Owner 
Cultivated 
Joint Owner 
Cultivated Lease Basis 
38 
(88) 
5 
(12) 
0 
(0) 
2^-10 17 
(71) 
5 
(21) 
2 
(8) 
More than 10 14 
(78) 
1 
(6) 
3 
(16) 
Total 69 
(81) 
11 
(13) 
5 
(6) 
Note: Values in parenthesis are percentages. 
Owners were involved in the management of most of the intercropped 
coconut farms (96.3%), with only 3.7 per cent being managed by hired 
managers. Even so 22.2 per cent of coconut farms had hired managers on 
them. Therefore, the group of farms is considered to be typically owner 
managed. 
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3.6 Nature of Coconut Population 
3.6.1 Density of Palms 
The coconut palms grown in this area are mostly the Tall Typica 
variety for which 64 palms per acre is the recommended planting density. 
This is attained by spacing at 26 x 26 feet on a square system, 28 feet 
on a triangular system of spacing or by 24 x 28 feet on a rectangular 
system (Advisory Leaflet No 4, CRI, 1964). As is shown in Table 3.8, the 
recommended density is not strictly adhered to by most farmers in the study 
area. 
TABLE 3.8 
NUMBER OF FARMS WITH DIFFERENT PALM DENSITIES 
BY COCONUT FARM SIZE 
Size Class Farms With Different Palm Densities 
(Numbers) 
of Palms Per Acre Coconut Farms 
(acres) Less Than 60 60-69 70-79 More Than 79 
h-lh 7 18 11 7 
(16) (42) (26) (16) 
2?i-10 2 4 12 6 
(8) (17) (50) (25) 
More than 10 2 5 6 5 
(11) (28) (33) (28) 
Total 11 27 29 18 
(13) (32) (34) (21) 
Note: Values in parenthesis are per cent of farms, 
Irrespective of the size of the coconut farms, the majority 
(66 per cent) of farms had a planting density of 60-79. Densities higher 
than 80 are more common than those below 60. The density class of 60-79 
50 
brackets the recommended density of 64 palms per acre. The Coconut 
Cultivation Board of Sri Lanka attempts to maintain this density by 
providing financial incentives to the farmers for infilling vacancies and 
thinning the excess palms. Therefore, only the density of 64 was used 
in the economic assessment. 
In the sample, 79 per cent of the farms were 'systematically' 
planted, that is, they were planted on a square, triangular or rectangular 
system. Systematic planting of coconuts was more common (83 and 92 per 
cent) among the large and the medium than on the small farms, where only 
70 per cent were systematically planted (see Table 3.9), As the square 
system was the typical planting system of the sample of farms, it was used 
for the spacial arrangement of the intercrops in the models. 
TABLE 3.9 
COCONUT PLANTING SYSTEM BY SIZE CLASS 
Size Class of 
Coconut Farms 
Non Systematic 
Planting 
Systematic^ 
Planting 
(acres) 
Number Row Per Cent Number Row Per Cent 
1-2-2% 13 30.2 30 69.8 
2^-10 2 8.3 22 91.7 
More than 10 3 16. 7 15 83.3 
Total 18 21.2 67 78.8 
Note: a Square, triangular or rectangular planting are-considered as 
systematic planting. 
3.6.2 Age of Palms 
'The coconut farms surveyed had palms ranging in age from seedlings 
to senile palms of more than 70 years old. In order to determine what 
51 
intercrops could be grown under the plams they were classified into five 
age groups: less than 5 years, 6-15, 16-25, 26-60 and more than 60 years 
of age. As is shown in Table 3.10, 12.9 per cent were less than 5 years 
old and 13.5 per cent above 60 years, while the smallest group was the 
6-15 year class which contained only 8.4 per cent of the palms. 
TABLE 3.10 
PER CENT OF PALMS WITHIN AGE CLASSES BY COCONUT 
FARM SIZE (YEARS) 
Size Class 
of Coconut 
Less Than 
5 Years 6-15 16-25 26-60 More Than 60 
Farms 
(acres) (Per Cent) (Per Cent) (Per Cent) (Per Cent) (Per Cent) 
22.5 7.0 11.7 47.6 11.3 
2I5-IO 11.0 10.0 15.0 56.9 7.04 
More than 10 10.0 8.0 31.4 32.8 17.8 
All Sizes 12.9 8.4 22.7 42.5 13.5 
3. 7 Intercropping 
3.7.1 Varieties 
The farmers in the study area cultivated the following seventeen 
different intercrops: 
Cash Crops 
Spices: Betel Fruit Crops: Betel Pepper 
Turmeric 
Ginger 
Cloves 
Sugar Cane 
Banana Beverage Crops: 
Pineapple 
Pap aw 
Coffee 
Cocoa 
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Root Crops: Manioc 
Sweet Potato 
Yams 
Subsistence Crops 
Vegetables: Chillies 
Soya Beans 
Common Vegetables 
The popularity of these crops under different age classes of 
coconuts varied as their shade tolerance differs. Table 3.11 lists the 
crops grown in more than 25 per cent of the farms in the different age 
classes. 
TABLE 3.11 
POPULAR INTERCROPS BY AGE OF PALMS 
Age Class of Palms (Years) 
Intercrops 
Below 5 6-15 16-25 26-60 More Than 60 
Pineapple •k >v * -A-
Turmeric * * •k 5'C A 
Ginger - •k •k 'k 
Banana - k 
Betel •k - * •k k 
Manioc 'k - •k •k 
Coffee - k •k 
Pepper — >V •k 
Note: Asterisks indicate the intercrops that are grown by more than 
25 per cent of the farmers. 
As shoxm, eight intercrops were especially popular and of these 
banana, betel, turmeric and pineapple were grown in all age classes, though 
in the 6-15 year age class they were less popular, as they require high light 
intensity. Shade-loving crops such as ginger, coffee and pepper were poorly 
represented in the 0-5 age class. 
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3.7,2 Intercrops and Farm Sizes 
Having examined the common intercrops grown under palms of 
different ages, we now examine the intercrops as they relate to the size 
of the farm to help in the building of intercropping models for our analysis, 
Table 3.12 relates the different intercrops to different farm 
sizes. Betel, banana, turmeric and ginger were most popular on the small 
farms. Pineapple, pepper and manioc were also grown by more than 30 per 
cent of the small farmers, while crops such as coffee, cocoa, pasture, 
passionfruit and pineapple were more common on the medium and large farms. 
TABLE 3.12 
PER CENT OF FARMERS THAT GREW DIFFERENT INTERCROPS 
BY COCONUT SIZE CLASS 
Size Class of Coconut Farms (Acres) 
Intercrop 
h-1h 2I5-IO More Than 10 
Betel 82.8 66.70 9.01 
Banana 62.1 77.80 85.45 
Pineapple 37.9 55.55 77.25 
Pepper 31.0 38.85 19.10 
Turmeric 44.8 38.90 19.10 
Ginger 48.3 38.90 13.65 
Coffee 11.2 38.85 61.80 
Manioc 31.0 44.45 18.20 
Sweet Potato 3.4 16.65 0.0 
Yams 20. 7 11.10 38.20 
Vegetable 13.8 22.20 9.10 
Passion Fruit 3.4 11.10 29.10 
Pap aw 3.4 0.0 0.0 
Sugar Cane 0.0 5.55 0.0 
Cloves 0.0 11.10 4.55 
Cocoa 0.0 0.0 20.00 
Pasture 20. 7 33.30 42.75 
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3.7.3 Selection of Intercrops 
The respondents were requested to give the criteria by which they 
selected the intercrops and these are listed in Table 3.13. The most 
important criteria were profitability and knowledge of cultivation 
practices, and these were respectively given by 74 and 62 per cent of the 
farmers. Tliat profit is important for the farmers is confirmed by the 
fact that the first seven crops listed in Table 3.12 were grown especially 
as cash crops. The next four crops, namely manioc, yams, vegetables and 
sweet potato are grown for domestic consumption and local markets. 
TABLE 3,13 
CRITERIA OF INTERCROPS SELECTION BY SIZE CLASS 
Size Class of Coconut Farms (Acres) 
Criteria 2^-10 More than 
10 
Row 
Total 
Number of Farmers Responded 
Profitability 34 19 10 63 
(54) (30.2) (15.9) (74.1) 
Known cultivation practices 25 15 13 53 
(47.2) (28.3) (24.5) (62.4) 
Marketing 13 9 6 28 
(46.4) (32.1) (21.4) (32.9) 
Irrigation facilities 14 4 3 21 
(66.7) (19) (14.3) (24.7) 
Low investment 10 3 5 18 
(55.6) (16.7) (27.8) (21.2) 
Less pest and diseases 10 3 5 18 
(55.6) (16.7) (27.8) (21.2) 
Low risk 4 1 2 7 
(57.1) (14.3) (28.6) (8.2) 
Note: Values in parenthesis are row percentages, 
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3.7.4 Impediments to Intercropping 
Farmers were questioned regarding the impediments to further 
development of intercropping and Table 3.14 lists these according to the 
proportion of respondents reporting them. 
TABLE 3.14 
IMPEDIMENTS TO INTERCROPPING 
Impediment Per Cent of 
Farmers Reported 
Rank 
Drought 63.1 1 
Non-availability of labour 38.1 2 
Lack of credit 31.0 3 
Theft 31.0 4 
Price fluctuations 25.0 5 
Planting material 23.8 6 
Technical knowhow 20.2 7 
Marketing 16. 7 8 
Transport 15.5 9 
Risk 14.3 10 
Fertilizer 14.3 11 
Crop protection 11.9 12 
Lack of time 9.5 13 
Joint ownership 3.6 14 
Animal damage 1.2 15 
Sixty-three per cent of the respondents of the survey reported that drought 
was the major constraint for the expansion of the area under intercrops. 
The wet zone of Sri Lanka experiences long periods of drought once in a few 
years, though the 30 year average rainfall figures show a well distributed 
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pattern and more than 75 inches per year. During the drought years the 
rainfed shallow rooted crops including coconuts are affected due to moisture 
stress. Establishment of perennial intercrops was also found to be 
difficult if a longer drought was experienced during the initial stages of 
growth. Most farmers overcame this by irrigating their intercrops during 
drought periods with water obtained from wells dug in their coconut farms. 
The labour shortage reported by the respondents in the survey area 
x^ as mainly due to the non-availability of labourers at the low wages offered 
by the farmers and not due to an absolute shortage of labour. Added to 
this there may also be the reluctance of coconut land owners to hire labour, 
as they often view labour as a problem in organization and management. The 
farmers would be able to attract the required labour as discussed in Section 3.3 
if they could obtain the necessary credit to pay attractive wages to the 
labourers. 
Farmers require cultivation loans to finance essential production 
costs and 31 per cent of the farmers of the survey identified lack of credit 
as an impediment to the expansion of intercropping. 
The larger proportion of the credit to the rural sector was provided 
by non-institutional sources, comprised of professionals, semi-professional 
money lenders, traders, friends and relations, despite continuous efforts over 
the past few decades to expand the institutional credit. The high rate of 
default in repayment of agricultural loans made unlikely the relaxation of 
the lending procedures which make it difficult for most farmers to use 
institutional credit facilities. 
Non-institutional credit which has a high cost both in terms of 
higher interest and of personal obligations, also affect the extent of 
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harrowing. Thus resulting scarcity of funds for the initial expenses 
such as hiring labour and purchase of inputs has affected the expansion 
of the intercropping area. 
Theft and price fluctuations are other main constraints 
encountered by the farmers. Theft discourages the large scale cultivation 
of certain crops such as banana and cloves in some parts of the study area. 
Price fluctuations seem to be a more powerful constraint that the access 
to market. The unavailability of inputs such as planting materials in 
time was reported to be more important than that of fertilizer. As 
timeliness in the supply of inputs is necessary in the success of rainfed 
agriculture, it is of paramount importance to have an efficient service 
organization for the supply of inputs and the purchase of products at a 
reasonable price. 
The extension service providing the necessary technical knowhow 
on intercropping and crop production was reported to be not effective. 
This may be overcome by co-ordinating the various extension services 
specialised in major crops such as coconuts and paddy and training the 
village level extension workers in intercropping and coconut farming. 
Ten per cent of the coconut farmers reported that they do not 
have sufficient time to do intercropping mainly because they were employed 
outside their farms. Four per cent of the farmers in the sample considered 
that the joint ownership is a constraint, although in the case of coconut 
lands joint ownership is of relatively common occurrence. 
The cost of overcoming the above stated constraints are not considered 
in this study. But the social costs involved in overcoming them have to be 
taken into account in any agricultural development programme consisting of 
intercropping coconut lands. 
3.8 Construction of .'Typical' Farms 
The foregoing simple classificatory statistics provide a basis for 
constructing 'typical' coconut intercropping farms for the Colombo/Gampaha 
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and Kegalla districts. Because of the size distribution of paddy parcels 
associated with the coconut farms it was decided to construct three 
'typical' farms for analysis: 
Type I - 1 acre coconuts and no paddy; 
Type II - 2 acre coconuts and 0.75 acres of paddy; 
Type III - 5 acre coconuts and 1.5 acres of paddy. 
On the basis of our survey results, all our models are of owner-
management units planted at 64 palms/acre. The total PFL available to the 
farm is 3.6 units for Type I, 3.6 for Type II and 4.6 for Type III. Thus 
the PFL available for intensive cultivation on the different typical farms 
may be calculated by subtracting the labour requirement of the paddy parcel 
from the total PFL availability. As an example, the labour available per 
acre during the peak period for paddy cultivation of February-March is given 
in Table 3.15 which shows that 180 labour days are available per acre for 
Type I, 37 for Type III, and 78 for Type II, The PFL calculated on this 
basis for the 6 periods of the year for the three types of farms is used 
in Chapter 5 for the analysis of the intercropping models. 
TABLE 3.15 
POTENTIAL FA>IILY LABOUR AVAILABILITY DURING PEAK PERIODS 
PER UNIT AREA OF INTERCROPPED LAND BY SIZE OF 
PADDY PARCEL AND SIZE OF COCONUT LAND 
Size of Typical Paddy Parcel Size (Acres) 
Coconut Farms ^ 0~~75 ^ T ^ 
(acres) Labour Availability (Labour Days) 
1 180 157 134 
2 90 78 67 
5 46 41 37 
Note: Labour requirement for an acre of paddy during the peak period of 
February-March is considered to be 30 labour days. The number of 
working days per 2 month period is assumed to be 50 and the family 
labour available for 1, 2 and 5 acre farm types are considered to 
be 3.6, 3.6 and 4.6 man days respectively. 
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The farming practised in the study area varies throughout the 
year, and there are peak and slack periods as discussed in Chapter 2. 
Family members work almost every day of the week during the peak periods 
taking no rest days, but in the slack period rest is taken (Jayantha 
Perera et al, 1980). In building the intercropping models, one rest day 
per week per member is allowed in the study so that each family member is 
assumed to work only 50 days during the tx^o-month peak periods. 
The input-output relationships, scale effects and the magnitude 
of diminishing returns for intercropping are not well known and linear 
relationships between the inputs and outputs are assumed. Accordingly, 
the inputs and outputs for different areas of cultivation are calculated 
on the basis of unit areas, using farm planning assumptions. These are, 
in addition to that of linearity: 
Additivity, implying each activity or production 
process is an independent separable process; 
Divisibility, implying that activities and inputs 
may be represented by infinitely divisible units. 
Thus 'indivisible' units such as labourers are 
divided into labour-units; and 
Certainty, implying that quantities of inputs, 
technical coefficients and prices are exact. 
(Barnard and Nix, 1973) 
Net revenue^ is used as the criterion for the economic assessment 
of the different intercropping models by the methodology which is reviewed 
in the next chapter. 
1 'Net revenue' in this thesis refers to gross revenue (product price 
output), less the variable costs associated with the cultivation of 
the specific crop. Thus, net revenue is exactly the same as 'Gross 
Margin'. 
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CHAPTER 4 
METHODOLOGY 
The light transmitted through the canopy of a stand of coconut 
palms varies with the age of palms, and thus different intercrops may be 
cultivated at different stages in the palm's growth. 
But, as Burgess (1977) has pointed out, the multi-storeyed 
cropping pattern formulated by the Central Plantation Crop Research 
Institute of India (CPCRI) is static for it provides only for a fixed 
crop combination being interplanted in coconut stands when they are about 
30 years' old. This is because the CPCRI has only considered the old 
stage when light penetration is also sufficient for intercropping. 
However, considerable advances have been made in defining technically 
superior intercropping systems for coconut lands. They have not, 
unfortunately, been matched by similar improvements in the economic 
analysis of the alternative cropping systems. 
Sri Lanka is currently faced with a substantial list of 
technically recommended cropping systems, in addition to those already 
practised by farmers, but no readily available method for ranking them is 
available. In this chapter, a dynamic technique, together with a set of 
criteria and decision rules for the economic analysis of different 
cropping systems are considered so that cropping systems may be ranked 
given the socio-economic and environmental conditions of the study area. 
4.1 The Methods Used for Cropping System Analysis 
The method of farm planning commonly used by small Sri Lankan 
farmers is 'comparison', i.e. a farmer considers a neighbouring farm as 
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his model. The cropping pattern employed is thus not chosen for its 
output, but simply because it is more conventional than other methods of 
farming. 
In developing countries, multi-year farm unit planning is 
currently done without the benefit of mathematical polyperiod decision 
models, even though Dean and De Benedictus presented a framework for such 
models in 1964 (John and James, 1980). Decisions are thus made about 
crops, livestock systems, the size of units and government subsidies and 
type of draft power simply through the visual comparison of relatively 
few budgets. These comparisons involve estimating returns over a period 
of 20-25 years and therefore tedious to calculate and inaccurate. They 
can serve as aids in decision making for annual crops but are not suited 
for perennial crops. 
Farm planning in developed countries has reached a level of 
sophistication involving static and dynamic annual or polyperiod decision 
models employing linear programming and dynamic systems utilising 
interdependence over time. The decision criteria used in these models 
range from unrestricted global profit maximisation to local profit 
comparisons restricted by risk and other factors. Such systematic farm 
planning at the micro level is made possible because of the widespread 
knowledge and availability of low-cost computational facilities and because 
of the potential increase in profits on large commercial farms through their 
use.^ Their total cost may be born either at the farm level or by the 
services or lending institutions which support them. However, these 
advantages do not apply to small subsistence farms because any potential 
changes in their income would be too small to support the cost of analysing 
1 Actually these techniques are very rarely used even in 'developed' 
countries, unless some outside body is prepared to subsidize them. They 
are essentially clumsy and very hard to employ usefully. 
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the farm operation via sophisticated decision models. Therefore, as 
discussed in Chapter 3, regional agricultural decision models using 
'typical situations' must be used instead of individual farm units. 
The analysis of cropping systems for farm planning (including 
annual crops) has ranged from very large 'whole farm' linear programming 
(e.g. Barlow et al at IRRI, 1979) and 'program budgeting' models down to 
relatively simple partial budgets at the activity level. Each technique 
has its own uses so that while the large-scale LP models have a fundamental 
research orientation, the budgeting techniques serve a didactic role in 
demonstrating the economic benefits of changes in crops or cropping patterns. 
The methodology of partial budgeting is usually a variation on 
that used by Flinn (1979) and Rae (1977) and abstracts, to a greater or 
lesser degree, from the many complexities of scientific and agricultural 
decision-making. This is necessary to enable the resulting quantitative 
assessments to be readily understood by the agricultural scientists and 
extension worker who must be able to pass the conclusions on to the 
ultimate recipients of the new technology: the farmers (Etherington, 1980). 
Agricultural scientists are familiar mostly with direct budgeting technique 
and therefore any new techniques to be used by them should be presented 
in a series of steps setting out the variations in the limiting resources 
rather than in the form of marginal analysis. Etherington has suggested 
(1980), that the belief that marginal analysis is necessary for the 
analysis of annual cropping systems bodes ill for the successful 
presentation of the 'simplified' quantitative economic assessments of 
cropping systems proposed by research institutions - particularly when 
they move away from monocrop systems. If it bodes ill on quantitative 
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grounds, it is even more likely to do so on qualitative grounds. This is 
especially likely to be so for permaculture which is labour-intensive in 
establishment and harvest, but which, rather than requiring menial and 
repititious labour for sowing, ploughing and reaping, usually involves 
observation and control (Mollinson and Holmgren, 1978). 
In ranking the net benefits of alternative technologies, the 
appropriate criterion to employ is that which maximises the productivity 
of the system in relation to its most limiting factor(s). The most 
commonly used criterion is economic benefit, per unit of land, labour, 
capital or, in some areas, water. But it is doubtful whether the accuracy 
of the input-output data available for this study warrants the application 
of such an optimising procedure. This is because, as was pointed out in 
Chapter 3, although the farmers in the study area operate a large number 
of different enterprises incorporating paddy, coconut, intercrops, 
livestock, and other crops such as rubber, here, only coconuts and 
intercrops, and the influence of the staple food crop, paddy, are taken 
into account. Thus, the family labour available for the intensive 
cultivation of coconut lands after the cultivation of paddy was computed 
and then a family wage rate was estimated on the basis of the likelihood 
of obtaining off-farm work. The partial budgeting techniques used to 
rank the different intercropping schemes, therefore, only partially take 
'whole farm' considerations into account. 
4.2 Partial Budgeting Procedures 
Because partial budgeting measures the financial changes expected 
to result from one or more courses of action when compared with the present 
position, it is not necessary to evaluate sunk costs such as capital outlay 
on buildings, equipment and general charges. Similarly costs such as rent 
which are common to all crop alternatives are also omitted. 
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Variable costs, such as machinery use, sprays, fertilizer, wages and other 
materials, can be allocated to particular enterprises. The annual cash 
flow, or annual net return, is obtained by deducting the input costs from 
the output revenue which depends on both the volume and the value of output, 
Budgets for perennial crops need to be dynamic in the sense that 
planning horizons of more than one year must be taken into account. This 
technique is termed multi-period partial budgeting. 
4.3 Time 
The direct comparison of the margins from mature perennial crops 
with those of annual crops is not a true guide for decision-making because 
annual crops provide a cash return for each year of their cultivation, but 
several years elapse before perennials yield any returns. This raises 
the problem of deferred returns, or the cost of time. Most realistic 
annual budgets take note of the timing of farm operations, but they usually 
ignore the cost of the passage of time. Partial budgets for perennial 
crops cannot do this, they must take explicit account of time (Jayasuriya, 
1976 and Etherington, 1977). Here we do this according to the Hicksian 
criterion which requires that different streams of net revenue resulting 
from alternative input strategies, be compared by their capitalised or 
present values (Hicks, 1948). This may be done by employing various 
measures: Sum of Net Present Value, the Amortised Value, or the Internal 
Rate of Return. 
Sum of Net Present Value 
The net present value of a net return, one year after investment 
is calculated by using the following formula: 
NPV = 
(1+r) 
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where NPV = net present value 
Rj^  = return in year 1 
r = discount rate 
The sum of net present value (SNVP) of the future net return stream R^, R2, 
R^, • . . , R,j, over the finite time horizon, T, is computed by means of the 
following expression, when the discount rate is assumed to remain constant: 
^ "2 "3 
= T T T T y + j m ) ^ + T T T ^ • • • TT^tttt 
where R^ is the net return of the present year. 
Amortised Value (or Annuity) 
The amortised value (or annuity) is computed from the SNPV using 
the following formula: 
A = SNPV " ^^ ] 
(1 + 
where A = amortised value (annuity) 
r = discount rate 
The amortised value from a tree crop can thus be compared with the 
average annual returns expected from alternative uses of land. 
Internal Rate of Return 
Another and similar criterion is the internal rate of return (IRR). 
IRR, p, may be expressed as: 
. ^T 
° - (1 + p) (1 +^P)2 ^ ^ (1 + P)T 
The net returns stream R^, R^ .... R^, for the first finite 
horizon, T, is common to both the SNPV and the IRR criteria. However, 
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instead of computing the present value, given r (the opportunity cost of 
capital or real rate of interest), as in the SNPV criterion, the IRR 
criterion solves for p. The decision rule usually employed with this 
criterion is to invest only if p>r. 
The above SNPV and IRR may not yield the same ranking of 
alternative investments. For example, a small investment may have a 
larger IRR than a larger project in which case it would be ranked above 
the larger investment but, the larger investment could yield a larger 
SNPV and so rank above the smaller one on the SNPV criterion. 
Yotopoulos (1976) has explained that the use of IRR may be 
misleading due to the following reasons: 
(1) If interest rates are allowed to vary from one 
period to another, there is then no single r to 
be compared with p. 
(2) The SNPV of two investments makes one superior or 
inferior to another at different discount rates, 
as the SNPV may not be a monotonic function of the 
discount rate. 
4.4 Consumer Time Preference and the Discount Rate 
One obvious problem with the SNPV is that it cannot be calculated 
unless there is a satisfactory estimate of the 'opportunity cost of capital' 
(Gittinger, 1972). But individuals vary in their time preferences so that 
the higher a man values his present consumption in relation to future 
consumption, the higher will be his minimum acceptable rate of return on 
capital. The level of time preference generally varies with income level. 
Thus, because poor farmers are more concerned with survival until the next 
harvest rather than with investment for the future, they will only invest 
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in activities which are expected to yield a relatively high rate of 
discounted return. Similarly, attitudes to saving and investment vary 
over an individual's lifetime are are influenced by such factors as life 
expectancy and fatalistic philosophies. Thus, a farmer will usually 
discount future returns more heavily as he grows older, or he may not be 
willing to make sacrifices and therefore in effect apply a high discount 
rate. 
Because of the complexity of the problem of personal discount 
rates, the decision-maker may decide to vary the rates in his calculations. 
Through such a 'sensitivity analysis' it may be possible to solve the problem 
pragmatically. In the present analysis a rate of 12 per cent is mostly 
used, but alternative rates ranging from 8 to 32 per cent are also used. 
4.5 Planning Horizon 
As discussed earlier, the economic analysis of perennial cropping 
systems requires a 'dynamic' rather than a 'static' approach and so it is 
necessary to use 'multi-period partial budgeting' in which the time period 
is chosen to be roughly comparable to that of the economic life of the 
project. 
Boussard (1971) discussed the alternative formulations of objective 
functions from the point of view of the planning horizon. The horizon 
used extends until its length has no further effect on the optimal decision 
because of the small salvage value associated with its last period. 
Renborg (1971) has suggested that the horizon chosen must be unique to 
each situation because it is influenced by the length of the production 
period, the economic lifetime of the durable assets, the reducing economic 
importance of future time periods and the expected lifetime of the entrepreneur, 
Upton (1976) has argued that the planning horizon is always infinite 
because the assumption of any finite horizon represents an arbitrary 
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curtailment. There is also associated with any choice of a finite 
planning hori zon the problem of what is to be left for the future and this 
leads to the problem of valuing the crop at the end of the planning horizon. 
This study attempts to grapple with these problems by adopting 
a two-stage procedure. In the first stage, annual net returns are 
calculated over the entire expected life of the crop. Because seasonal 
variations in earnings are important in farm planning purposes it is 
necessary for the analysis to take account of the two-month seasons in 
each year but because the computer package used in this study only allows 
a total of 48 time periods, this restricts the detailed planning horizon 
to 8 years. This requires that a second-stage be introduced into the 
analysis in which terminal values for each 8-year period are established 
by discounting future cash flows. This is equivalent to assuming the 
crop is 'sold' at the terminal value, at the end of each 8-year planning 
horizon, and the revenue is added to that of the eighth year for discounting. 
The terminal value of standing perennial crops can be calculated 
either in terms of the total cost of establishment, including compound 
interest, or in terms of the discounted value of expected future returns 
(Upton, 1969). As planning is based entirely on forward-looking values, 
the method of valuation used here is that of discounting the value of 
future returns. In this method the valuation at any point in the life 
of the asset is the SNPV of expected returns over the remainder of its life. 
Similar to establishing the terminal value given for the end of 
the planning horizon, it is necessary to have a 'purchase price' for the 
crops standing on the land at the beginning of the planning horizon so that 
the calculated SNPVs can be comparable. As coconuts are a standing crop, 
it is necessary to value them in this way. 
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.6 Sensitivity Analysis 
Where there is uncertainty about the validity of one or more of 
the key assumptions such as those for yields, prices, costs or discount 
rates, the budget is based on the most likely values. Sensitivity 
analysis Tn3y then be done to calculate the effect of changes in key 
assumptions thus establishing lower and higher estimates of SNPV for 
different intercropping models. Similar analyses can be done for different 
discount rates. 
The Cost/Price Sensitivity Index and the Discount Rate Sensitivity 
Index calculated are used as subsidiary economic criteria for comparing 
different intercropping models. 
4.7 Conclusion 
The prime criterion employed in this study of crop models is the 
SNPV with the amortised value (annuity) being used for comparing and ranking 
different models. Some subsidiary economic criteria are used and these 
will be discussed in the next chapter. 
When policymakers make their final judgement regarding the 
suitability or superiority of any crop model or crop they must also bear 
further criteria in mind. These include: 
(1) the ease with which the models can be adopted (thus 
models involving traditional crops are likely to need 
less administrative support in extension and marketing); 
(2) the extent to which the crop combinations meet the basic 
subsistence requirements of the farmers and/or of the 
country; 
(3) the employment potential of the crops; and 
(4) the importance of the cash crops in earning foreign 
exchange. 
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This chapter has highlighted the importance of SNPV and the 
annuity derived from it as criteria for the economic analysis of inter-
cropping systems over time. 
In the following chapter model formulation, and the analysis 
and results of the study are discussed. 
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CHAPTER 5 
MALYSIS OF CROP MODELS 
In this chapter some crop models suitable for the study area are 
built using the typical situations identified in Chapter 3 and the 
agronomic considerations presented in Chapter 2. These are then analysed 
and ranked, using the techniques and criteria discussed in Chapter 4. 
5.1 Model Building 
The productivity of underutilised coconut lands may be greatly 
enhanced through the intensification of cropping in space and time as 
discussed in Chapter 2. Intensification of the use of coconut lands can 
be achieved by the 'systematic' use of land through intercropping. This 
requires the cultivation of different crops in combination on the same piece 
of land, in some form of spacial arrangement or sequence. The eight 
'popular' intercrops identified in Chapter 3 are grown in combination at 
different stages of the growth of coconuts, giving a very large set of 
crop combinations. The crop combinations recommended by agricultural 
scientists in Sri Lanka are given in Table 1.5 but other crop combinations 
are also practised in the study area. Some of these are also analysed in 
this thesis. 
In this study crop 'models' are built for different specifications 
of crop combinations. In doing this, account has to be taken of four basic 
considerations: 
(1) What crops are to be combined? 
(2) How much of each crop is to be grown? 
(3) When in the life of the coconuts is the intercrop 
to be introduced? 
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(4) Wl-iat interaction effects are likely to occur 
between the crops? 
That is, will the crops compete with each other for biological resources 
and, if so, by how much? Alternatively, will the crops have supplementary 
or complementary effects on each other? 
5.1.1 What Crops are to be Combined? 
This question must be answered in conjunction to the third question 
since the age of the coconut is a crucial determinant of technical 
feasibility. 
Intercrops 
The popular crops identified in the Section 3.7.1 were combined 
in the models. They were betel, ginger, turmeric, pineapple, banana, 
pepper and coffee in addition to the main crop coconuts. 
Coconuts 
As was seen in Chapter 3, coconuts in the study area range from 
the seedling to the senile stage but the intercrops cannot be grown 
successfully under all stages of coconut growth when they are planted at 
64 palms to an acre. Thus, according to the feasibility of intercropping, 
the growth stages of coconuts are divided into 4 categories as shown in 
Table 1.5 (Bavappa and Jacob, 1979). 
As the tlULBUD program requires eight year time horizons, in this 
study four stages of coconut growth representing the four age categories, 
are considered for model building. They are shown in Table 5.1. 
A. Seedling Coconuts. 
As no virgin lands are available for cultivation in the study area, 
the seedling coconuts are established by: 
(I) Replanting, where all the senile palms are uprooted 
before establishing the seedling coconuts, and by 
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TABLE 5.1 
STAGES OF COCONUT GROWTH CONSIDERED FOR 
INTERCROPPING MODELS 
Age Coconuts Time Horizon*^ Stage of Growth 
(years) (years) 
A Up to 5 1-8 Seedling Coconuts 
B 5-10 and 11-15 9-16 Young Coconuts 
C 15 to 50 24-32 Mature Coconuts 
D^ Over 60 1-8 Senile Coconuts 
Notes: a Coconut age classes are based on Table 1.5. 
b Senile coconuts are considered together with 
seedling coconuts under different methods 
of establishing coconut seedlings in senile 
coconut plantations. 
c Eight year time horizon was used for the analysis 
using MULBUD as discussed in Section 4.5. 
(II) Underplanting, where the seedling coconuts are 
first established and then the senile palms are 
gradually uprooted (Liyanage, 1963). 
Selected seedlings of Tall Typica variety of coconuts are mostly 
used for both replanting and underplanting. Although seedlings of Hybrid 
coconuts are sometimes used, their supply is limited and there are also 
agroclimatic limitations to their use. Tlierefore, only seedlings of 
selected Tall variety with both Underplanting and Replanting are considered 
for building the models. According to Table 1.5, the establishment of 
perennial intercrops is recommended after the 10th year, but no intercropping 
is recommended from the 5th to 15th year. 
The limitation of this planting system of coconuts as far as its 
earning potential over the long period when no intercropping is feasible, 
has been highlighted by a number of writers (Burgess, 1977). Techniques 
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such as pruning the lower fronds and decreasing the density to facilitate 
intercropping during that period may be technically feasible, economically 
attractive and socially acceptable in countries where the coconuts are 
simply considered to be an 'economic shade tree' for shade loving intercrops. 
But in Sri Lanka where coconut is a major ingredient of the diet, 
recommendations that drastically affect the yield of coconut may not be 
socially and politically acceptable. 
(III)Fifty Per Cent Replanting 'Old' Coconuts: 
In order to overcome the income limitation imposed by 5 to 15 year old 
young coconut palms not being intercropped it has been suggested that the 
unproductive 50 per cent of palms, in 'old'^ coconut populations, be 
2 
replaced before they reach 50 years of age. The productive 50 per cent can 
be maintained for another 15 years along with the seedling coconut. The 
'old' palms may then be replanted when the young coconuts come to full 
bearing and are suitable for intercropping. 
In all coconut growing countries, the majority of production comes 
from a small proportion of palms as shown in Table 5.2. Based on this 
TABLE 5.2 
PROPORTION OF COCONUT PALl^IS OF HIGHER YIELD 
GROUPS AND YIELD ACCOUNTED BY THEM 
Percentage of Trees Percentage of Total 
Country Falling in High Yielding Yield Accounted for 
Group by the High Yielding 
Group 
India 68.0 82.7 
Trinidad 81.0 97.0 
Malaya 13.0 22.0 
Ceylon 55.0 70.0 
Indonesia 50.0 66.6 
Source: Tabulated from the data given in Menon and Pandalai (1958) 
1 Here the term 'old' is used to describe the stage of growth prior to 
senility. 
2 As may be derived from Table 5.2 the unproductive 50 per cent of palms 
will be contributing far less than 50 per cent of the production. 
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information it is assumed that 50 per cent of the palm population yields 
65 per cent of the total yield from the 'old' coconuts (1,000 nuts per acre). 
The less productive 50 per cent of the palms are evenly distributed as 
their low productivity is due to the inherent variability in yield and 
the less productive palms can be identified by their vegetative characteristics 
(Menon and Pandalai, 195A, p.206). These can be uprooted and replanted 
with seedlings of selected Tall variety of coconuts. This method of 
replanting coconuts will be examined by assuming that 75 per cent of the 
land is intercropped to the fifth year and after the fifteenth year of age, 
while only 50 per cent of land is intercropped from the fifth to the 
fifteenth year of age. 
B. Young Coconuts. 
Models of intercropping for coconuts averaging between 9 and 15 
years of age are not presented in this study, as that practice is not 
technically recommended, even though some farmers do, to a degree, follow it. 
C. Mature Coconuts. 
The mature stage of coconut cultivation is analysed by considering 
the population with an average age of 24 to 32 years. Mature Hybrid 
coconuts are not considered in the study as they are not typical of the 
study area. 
Thus, three sets of models are presented for the seedling stage 
of coconuts and one for the mature coconuts. 
(1) Intercropping models under replanted selected 
Tall variety of seedling coconuts. 
(2) Intercropping models under underplanted selected 
Tall variety of seedling coconuts. 
(3) Intercropping models under 50 per cent replanted 
selected Tall variety of seedling coconuts. 
76 
(4) Intercropping models under average mature 
coconuts. 
5.1.2 How Much of Each Crop to be Grown? 
In the study area most farmers allocate about 0.1 acre to betel 
cultivation. This is harvested regularly and farmers receive cash for it 
every fortnight. Therefore, 0.1 acre of betel is incorporated into most 
models. 
As pepper on mature coconut is recommended for all crop combinations, 
it is included in all mature coconut models and in 'old' coconuts of 50 per 
cent replanted set. 
After allocating land to these three main component crops, namely 
coconuts, betel and pepper on coconuts, in mature set, the rest of the 
available land is allocated to one of the other typical intercrops. 
For comparison, betel was omitted from some models and the 
corresponding area was either relay cropped with short term crops such as 
manioc, ginger and turmeric or allocated to the major intercrop of the model. 
In model building the spatial arrangements for intercrops were 
taken into consideration. Maximum use of the land was attempted throughout 
the eight year time horizon by rotating short term crops as well as by 
growing long term crops. Ifhere necessary, in those models which had 
similar crops repeated successively, the land was left fallow. Land was 
the only factor assumed to be a binding constraint in model building. 
5.1.3 t'Jhat Interaction Effects are Likely? 
The MULBUD computer package allows for specific interaction effects 
on labour use. Both these and physical interaction effects of intercropping 
are discussed in Chapter 2. Here, in model building the same labour 
interaction factors are used: it is assumed that when all the land 
is used the saving compared to single cropping will be 50 per cent 
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of weeding labour, 25 per cent of labour used for the application of 
fertilizer and 10 per cent of the labour used for pest control. Physical 
interaction effects will be examined through the sensitivity analysis 
which is incorporated in MULBUD. We now turn to a discussion of this 
procedure. 
5.2 Procedure 
5.2.1 MULBUD Program 
The multi-crop, multi-period budgeting was run using the MULBUD 
computer program written by D.M. Etherington of the A.N.U., and designed 
for the economic assessment of perennial crop intercropping systems 
(Etherington, 1981). 
This program has the capacity to analyse data of 48 tim.e periods. 
In this study in order to take into account the effect of the peak and 
slack periods of labour availability of the area, 6 periods, each of two 
months duration, were used in each year of the analysis. This limited 
the time horizon of the analysis to 8 years if MULBUD was to be used. 
5.2.2 The Data 
The input/output data for the economic analysis were assembled 
during 1979 from a wide variety of reports; primarily these resulted from 
the field surveys of ARTI and the Tea Diversification Project (ARTI, 1973; 
1977; McConnell, 1974; Ahmed et al, 1975) and from the annual budgets 
prepared by the writer for the development project proposal (Hussain, 1978). 
The data were converted into periodic bases from the reports of McConnell 
(1974), Sathasivampillai et al (1976), and Aris et al (1977) and a detailed 
personal knowledge of the area and the agricultural calendar. In general, 
the input/output coefficients are conservative; while the recommended levels 
of fertilizer used and the yields obtained are well below the best practice 
levels. The labour days, labour costs, material costs and output of the 
sole crops used in intercropping models are given in Appendix B. 
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Prices of products and purchased inputs were assumed to be constant 
in 1981 terms throughout the time horizon. The key product prices are 
given in Appendix A. 
Three types of holdings of different sizes and different levels 
of potential family labour availability (PFL) were used in the analysis 
as was discussed in Chapter 3. In Table 5.3, the PFL availability for 
intensive cultivation of coconut lands was converted from an annual basis 
to six 'periods'. 
TABLE 5.3 
BI-MONTHLY AVAILABILITY OF POTENTIAL FA^IILY LABOUR 
IN TYPICAL TYPES OF HOLDINGS 
^ ^ ,, T ,. Bi-Monthly Availability of Potential Type of Holdings 
No. Composition Bi-Monthly Periods 
Coconuts and Paddy Dec-Jan Feb-Mar Apr-May June-July Aug-Sep Oct-Nov 
I 1 Acre + 0 180 180 
(Labour Days) 
180 180 180 180 
II 2 Acres +0.75 Acre 88 67 71 88 74 73 
III 5 Acres + 1.5 Acres 42 0 8 42 13 11 
5.2.3 Family Labour and Wage Rates 
The family labour input cost has been imputed at a seasonally 
adjusted 'opportunity cost' based on the probability of obtaining off-farm 
employment (see Etherington et al, 1981, p.6). In the study area the 
opportunities of off-farm employment for agricultural labourers lies in the 
paddy sector and the labour requirement for cultivating an acre of paddy is 
given in Figure 5.1. 
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FIGURE 5.1 
BI-MONTHLY LABOUR REQUIREMENTS FOR PADDY CULTIVATION 
IN COLOMBO/GAl^PAHA AND KEGALLE DISTRICTS 
Labour 
Days 
Harvesting & 
Land Preparation 
30 
Sowing, 
/ /Irrigation 
/ / & Weeding Harvesting & 
/ / 1 Land 
/ / / Preparation 
Sowing, 
Irrigation 
& Weeding 
j 
20 / / / / 
10 . 
/ I I I . 1 
D J M M J A S 0 N 
Bl-Monthly Periods 
Source: Drawn based on the data obtained from: 
(1) Sathasivampillai, K. and De Silva, G.A.C. 1976. 
(2) Sathasivampillai, K. 1976. 
Family wage rates for the 6 periods were calculated by multiplying 
the hired wage rate of 20 Rs per day by the probability of obtaining off-
farm employment which was assumed to be equal to the ratio of labour required 
for paddy during each period of the year to that of the peak period (Table 5.4) 
Here it is assumed that there is no migration of labour into the study area. 
5.2.4 Terminal Values and Purchase Prices 
Terminal values (TV) are given to crops which have a life exceeding 
the period of analysis. For perennial crops, such as pepper and coffee 
which have an economic life span of less than 48 years, they were computed 
using MULBUD with straightforward annual data which generated the expected 
80 
TABLE 5.4 
DERIVATION OF FAMILY WAGE RATE 
Two Month Periods 
Dec-Jan Feb-Mar Apr-May June-July Aug-Sep Oct-Nov 
Labour Requirement 
Per Acre of Paddy 2.8 30.3 25.3 2.8 21.7 22.9 (Labour Days) 
Probability of 
Getting Off-Farm 
Work (Per Cent) 0.09 1.0 0.8 0.09 0.7 0. 75 
Family Wage-Rate 1.8 20.0 16.0 1.8 14.0 15.0 
(Rs) 
future cash flows. The SNPV at the year 9 obtained by discounting the 
future cash flows was taken as the TV at the end of year 8 in the detailed 
analysis which included the six seasons (Upton, 1976). The terminal values 
(and their 'dual', the notional 'purchase price') at different stages of 
growth of coconuts, which has a life span of more than the 48 years, which 
is the maximum the program can handle, was calculated on the basis of the 
present value of the expected annuities beyond the terminal date. These 
equal the average annual net revenues for the different stages of growth and 
are shown in Table 5.5 and illustrated in Figure 5.2. 
The salvage value, which is the terminal value at the time of 
uprooting (say at the 65th year), and the annuities of the final period were 
discounted to give the purchase price which equals the terminal value of the 
previous period according to the following expression: 
TV = PP = (TV X Terminal Discounting Factor) n-1 n n 
+(A^ X Annuity Discounting Factor) 
n 
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TABLE 5.5 
AVERAGE ANNUAL YIELDS, GROSS REVENUES AND NET REVENUES OF MATURE 
TALL COCONUTS BY AGE CATEGORIES 
Age Category-
Average Annual 
Yield/Acre Gross Revenue c Net Revenue 
(years) (nuts) (Rs) (Rs) 
8 - 15 1590"" 1908 1558 
16 - 30 2063^ 2476 2126 
31 - 45 2327^ 2792 2442 
46 - 60 2061^ 2473 2123 
61 - 65 1200^ 1440 1090 
Notes: a Data obtained from the Coconut Survey, 1971. 
b Coconut palms become senile at the age of 60 years (Child, 1974). 
The yield of 61-65 year old coconuts are assumed to be 1,200 nuts 
per acre. 
c Net revenue is the difference between gross revenue and the 
variable cost which consists of cost of harvesting, selling and 
weeding and is considered to be Rs 350/= per acre. Fertilizer 
cost is not taken into account as only 11 per cent of the farms 
are fertilized. 
where TV = Terminal value 
PP = Purchase price 
A = Annuity for the period n 
n = Number of the time period 
Tlie terminal values and the 'purchased prices' of coconuts of 
different stages of growth of coconuts calculated by this method are 
presented in Table 5.6, while those of the perennial crops used for multi-
period budgeting are given in Table 5.7. 
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FIGURE 5.2 
AVERAGE ANNUAL NET REVENUE (ANNUITIES) OVER 
DIFFERENT PERIODS OF GROWTH OF AVERAGE COCONUTS 
Annuities 
45 
Salvage 
Value 
60 65 
(years)age 
5.3 Economic Analysis 
The analysis was undertaken on the basis of a unit area of one 
acre with time horizons of eight years of six bi-monthly periods. Separate 
analyses were undertaken for intercropping under Replanted selected tall 
coconuts, Underplanted selected tall coconuts, Fifty per cent replanted 
selected tall coconuts and under Mature average tall coconuts. 
5.3.1 Decision Criteria 
The decision criteria used in the analysis were as follows: 
(1) Annuity (or Amortised Value of SNPV). 
(2) Average annual labour requirement. 
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TABLE 5.6 
VALUATION OF AN ACRE OF AVERAGE COCONUTS AT 
THE BEGINNING AND END OF DIFFERENT PERIODS OF GROWTH 
Period 
Terminal 
Value 
TV 
Discounting 
Factor^ 
Annuity Annuity 
Discounting 
Factor^ 
Purchase 
Price 
(years) (Rs) (Rs) (Rs) 
61 - 65 1280^ 0.5674 1090 3.605 5051 
A6 - 60 5051 0.183 2123 6.811 15376 
31 - 45 15376 0.183 2442 6.811 19446 
16 - 30 19446 0.183 2126 6.811 18038 
8 - 1 5 18038 0.452 1558 4.968 11040 
Notes: a Salvage value. 
b The discounting factors at 12 per cent discount rate for the 
number of years were obtained from the discounting tables. 
TABLE 5.7 
PURCHASE PRICES AND TERJIINAL VALUES OF PERENNIAL 
CROPS USED IN MULTIPERIOD BUDGETING 
Crop Age Purchase Price 
Terminal 
Value 
(years) (Rs) (Rs) 
Old Coconuts 52 - 60 7000 5050 
Average Coconuts 24 - 32 18600 21200 
Replanted Hybrid 
Coconuts 0 - 8 5050 45953 
Replanted Tall 
Coconuts 0 - 8 5050 11000 
Underplanted Tall 
Coconuts 0 - 8 5050 11000 
Pepper on Coconuts 0 - 8 0 15080 
Pepper 0 - 8 0 36030 
Coffee 0 - 8 0 29805 
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(3) Return per labour day. 
(4) Cost/Price sensitivity index. 
(5) Discount rate sensitivity index. 
(6) Land use. 
(7) Crop intensity 
1) Annuity. 
The unit measures used to assess the productivity of intercropping 
system may be classified as physical and economic measures. Although the 
physical measures enable the gross output of an intercropping system to be 
compared over space and time, they are not useful for measuring the economic 
output which invol ves the market price of the goods produced, and of the 
inputs and services used in production. These are necessary if the 
criterion for assessing the productivity of cropping systems is to be able 
to satisfy the following requirements (Hildebrand, 1976, cited in Flinn, 1978) 
(a) The criterion must be common to all products and 
inputs and provide a means of comparing different 
cropping systems; 
(b) it must be relatively easy to measure; 
(c) it must be capable of reflecting quality differences 
between products; 
(d) the unit of measurement must be meaningful to the 
farmer in such a way that it helps him allocate his 
resources between competing uses; and 
(e) the unit of measurement must be meaningful to the 
researcher so he can compare innovations with 
existing practices. 
For these reasons the economic measure of value used in this study, 
SNPV, is the most appropriate measure of value. The annuity (amortised 
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value) derived from SNPV provide a good measure to compare crops of different 
lifespans. 
The SNPV is computed by discounting the net revenues occurring 
at different points of time to a common point in time to enable alternative 
models to be compared. The personal discount rate of the farmers is the 
best rate for discounting. But it is difficult to derive the personal 
discount rates for a group of farmers as it depends on factors which are 
difficult to be quantified. Each individual's discount rate will vary-
according to his time preference for consumption, his opportunity cost of 
capital, and his level of risk aversion, and also the discount rate may vary 
over time and for different decisions. 
Therefore, 12 per cent discount rate was arbitrarily chosen for 
the analysis in this study. The components are 9 per cent riskless time 
rate of discount which is the interest charged by the Bank of Ceylon under 
the 'comprehensive rural credit scheme' for agricultural loans, and a risk 
premium of 3 per cent. In addition, sensitivity tests for alternative 
discount rates such as 8, 16, 24 and 32 per cent were used to examine the 
effect of varying personal discount rates of different farmers. 
2) Average Annual Labour Requirements. 
This is measured in 'labour days' in which no allowance is made 
for separate labour categories by sex and age. Such distinctions may 
sometimes be important, but for this analysis the unit was normalised into 
consistent 'labour days'. 
The average annual labour requirement measures the employment 
potential of the intercropping model. The hired labour requirement during 
the peak season was also used as a measure in the analysis to determine the 
labour required over and above availability of the family labour. The 
requirement of hired labour is a constraint as it involves close supervision. 
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3) Return Per Labour Day. 
This economic criterion measures the reward to the farm family 
for their efforts and it is determined after taking into account the 
opportunity cost of their time (see Table 5.4). 
4) Cost/Price Sensitivity Index. 
Sensitivity of SNPV to changes in revenue, costs and discount 
rates w e r e studied using sensitivity to increases and decreases of 10 and 
20 per cent in revenue and costs. The MULBUD computer program presents 
the results of sensitivity analysis in the form of a 5x5 matrix and those 
for the intercropping model having Mature Coconuts, Pepper on Coconuts, 
Pineapple and Banana as component crops are given in Table 5.8. 
The analysis for sole crops is quite straightforward in 
interpretation: The figure in the Table marked A is the 'best guess' result 
and B is the 'pessimistic' result which is the outcome of a 20 per cent 
overrun on m a t e r i a l costs and a 20 per cent underestimation on gross revenue, 
The result marked C is the 'optimistic' outcome of a 20 per cent 
decrease in costs and increase in revenue. The Sensitivity Index is 
calculated by taking the difference between the highest and the lowest 
estimate, and dividing by the 'best guess'. 
C B 
Cost/Price Sensitivity Index = ( — — ) x 100 
In the case of combinations of crops it is particularly unlikely 
that all product prices would shift in a uniform m a n n e r . Therefore, in 
all the intercropping m o d e l s , a different interpretation might be h e l p f u l . 
H e n c e , the pessimistic assumption (Assumption B) may be interpreted as the 
result with strongly competitive biological interaction effects between 
crops. Similarly the interpretation for Assumption C is a situation in 
which there are complementary interaction effects between the crops in an 
intercropping model ' (Etherington et al, 1981). 
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TABLE 5.8 
SENSITIVITY ANALYSIS OF INTERCROPPING MODEL: 
MATURE COCONUTS, PEPPER ON COCONUTS, PINEAPPLE AND BANANA 
ARKA UNIT: Acre 
E N o I T I V 1 T Y A N A L Y S I S 
Sensitivity Analysis on Discount Rates 
5NPV = 3926 3.7 9 at d Discount Rate of 8.00 
SNPV = 19498.44 at d Discount Hate ot Ic.OO 
SNPV = 8075.21 at d Discount Rate ot 2'UOo 
SNPV = 107R.'U at a Discount Rate of 32.00 
Sensitivity Analysis of Costs and Returns 
SiJPV in KS at 12.00 percent per annuit! 
Horizontal axis = 'i cnanqe in MATERIAL COST 
Vertical axis = % ch.c^ nge in GHQ5S RLvEiiUE 
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Thus the sensitivity index for costs and returns measures the 
relative stability of returns to fluctuations in yields, input costs, 
commodity prices, around the expected 'best guess' estimate. 
5) Discount Rate Sensitivity Index. 
This index measures the sensitivity of SNPV to different discount 
rates and is calculated as follows: 
. n . c • • • T J /SNPV at 8% - SNPV at 32%, ^„„ Discount Rate Sensitivity Index = ( z-rr—— ) x 100 
oiNr V at LL/o 
Both the cost/price and discount rate sensitivity indices are used 
to rank the intercropping models for comparison. 
6) Land Use. 
The Land Use Factor (LUF) as defined in Chapter 2 measures the 
per cent of the surface area of land actually allocated to the individual 
crops of the combination, e.g. sole crop of coconut occupies 25 per cent of 
land. The sum total of LUF of the component crops give the total land use 
for a given intercropping model. Total land use factor which is equal to 
or less than 100 measures the per cent of surface area of land actually 
occupied by the component crops of the model. 
7) Crop Intensity 
The Crop Intensity Factor (GIF) as defined in Chapter 2 measures 
how intensively the land is being used by an intercrop compared to that used 
by the same crop when under monoculture. 
CIF = Density of plants of an intercrop Density of plants of the same crop under monoculture 
The Total Crop Intensity of the intercropping model is the sum total of CIF 
of component intercrops of the model. This measures how intensively the 
combination of intercrops are using the land compared to that used by each 
individual crop under monoculture. 
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These LUF and GIF for a model are illustrated in Table 5 . 9 . The 
model has seedling coconuts with an intercrop of pineapples in a senile 
coconut farm. 
TABLE 5.9 
LAND USE AND CROP INTENSITY OF AN 
INTERCROPPING MODEL 
„ ^ „ Land Use Crop Intensity 
Component Crop „ t- j 
^^  Factor Factor 
Senile Coconuts 0.25 1.0 
Seedling Coconuts 0.25 1.0 
Pineapple 0.50 0.6 
Total 1.0 2.6 
5.3.2 Analysis of Sole Crops 
Table 5.10 summarizes the results for fourteen different sole crops. 
Appendix B gives the summary cash flows used in their economic analysis. 
These figures do not in fact represent pure sole crop data for two reasons: 
first, the data refer explicitly to an intercropping situation, so they 
assume that shade loving crops are being grown in 'free' shade. To the 
extent that shade has to be provided for crops such as cocoa, turmeric, 
ginger and pepper, the returns given in Table 5.10 for those crops, are 
overstated. 
Secondly, the Crop Intensity Factor, and/or the Land Use Factor 
for a number of crops, resulting as a consequence of the spatial arrangements 
adopted in the system, is less than 1.00. This indicates that the data are 
already scaled for intercropping. The extreme example is pepper which 
refers to only 128 vines suited to the intercropping situation of planting 
TABLE 5.10 
SUMMARY RESULTS OF SEI.ECTED SOLE CROPS 
Average Labour SNPV at 12% on Cost/Price Amortised Income Per Land Crop 
Crop Economic Lifespan-
Requirements 
Per 
Assumption Sensitivity 
Index 
Net 
Per 
Returns 
Year 
Labour 
Day 
Use 
Factor 
Intensity 
Factor 
Year TVo-Mon th (per 
cent) (years) (Labour days) 
Period 
(Labour 
days) 
A B C (rank) (Rs) (rank) (Rs) (LUF) (CIF) 
Banana 4 36 6 3064 -1140 7267 274 9 1009 8 23 0.6 0.6 
Betel 4 721 120 32198 58660 85123 82 4 19313 5 20 0.7 1.0 
Turmeric 1 37 6 2869 1406 4332 101 6 1698 6 39 0.5 1.0 
Ginger 1 47 8 6438 3657 9219 86 5 3809 2 68 0.5 1.0 
Pineapple 4 63 11 5132 -277 10540 210 8 1690 7 20 0.7 0.6 
Manioc 1 61 10 6 74 75 1274 178 7 755 10 11 0. 7 1.0 
Pepper on 
Coconuts 22 30 5 12030 9023 15037 33 1 2422 4 50 0.01 0.16 
Pepper 22 51 9 20150 13380 26920 67 3 4056 1 49 0.6 0.56 
Coffee 30 39 7 13712 8964 18460 52 2 2760 3 44 0.6 0.56 
Mature Coconuts 60 22 3.5 4250 -5560 14060 461 10 855 9 25 0.25 1.00 
Seedling Coconuts 
Underplanted 
Seedling 
Tall Coconuts 60 
Replanted 
Seedling 
Tall Coconuts 60 
Replanted 
Hybrid 
Seedling 
Coconuts 60 
50% Replanted 
in 'old' 
Coconut Farms 60 
42 
26 
30 
21 
-3319 -6642 
-4234 -6593 -1874 
13273 7356 19190 
20 -3051 3584 
-668 
-852 
2672 
-10 0.50 1.00 
-20 0.25 1.00 
56 0.25 1.00 
0.25 1.00 
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two vines per coconut palm. The resultant bias of the procedure is to 
understate the sole crop returns. 
A number of observations can be made on Table 5.10. The first 
is that the average mature coconuts give the lowest amortised net return 
compared to other crops. It also has a very low annual labour requirement, 
thus giving a considerable income per labour day. 
The very low SNPV indicates why farmers are extremely reluctant 
to replant or underplant coconuts without any financial assistance from the 
government. In contrast, hybrid coconuts planted under good agroclimatic 
conditions, well looked after from the beginning, and assumed to commence 
bearing at the 5th year and yielding 5,760 nuts per acre at the 12th year 
would give an amortised net return comparable to that of pepper and coffee. 
But as hybrid coconuts are not typical of the study area, that crop is not 
used in model building. 
A key point to note in Table 5.10 is the sensitivity of the results 
to changes in costs and returns. The major determinant in the variability 
of net returns is the extent to which material costs are an important 
component in total costs. Although ranking of crops on sensitivity index 
for costs and returns and annuity values does not represent a one-to-one 
correspondence, the coconut crops are relatively unstable with very low 
returns. Part of the explanation for this and the stability of coffee 
and pepper is the influence of the 'purchase price'. 'Purchase price' 
was included as a material cost in the sensitivity analysis for mature 
coconuts but not for coffee and pepper which are planted within the time 
horizon. 
The annual labour requirements vary greatly between crops and the 
variability in returns combined with this leads to considerable variation 
in returns per labour day over and above the assumed opportunity cost of 
family labour. 
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5.3.3 Analysis of Intercropping Models 
With the observations made in Table 5.10, in mind specific 
intercropping models were built and the analytical results of the four 
sets of models are presented. 
5.3.3.1 Intercropping Models Under Seedling Coconuts 
Three sets of models having seedling coconuts established 
in three different methods are discussed first. The major component of 
these three sets of models is the coconut seedlings of selected Tall variety 
which commence bearing in the seventh year. Under replanted and under-
planted seedling coconuts 75 per cent and 50 per cent respectively of the 
land is intercropped during the first four years after which no intercropping 
is done. In the 'replanted' case the senile coconut palms are removed at 
the commencement, whereas in the 'underplanted' case they are gradually 
thinned during the eight year time horizon. The results of these two sets 
of models are presented in Tables 5.11.1, 5.11.2, 5.11.3, 5.12.1, 5.12.2 and 
5.12.3. 
TABLE 5.11.1 
DEFINITION OF INTERCROPPING MODELS UNDER REPLANTED 
SELECTED TALL SEEDLING COCONUTS 
Model 
Crops 
Crop in Ground Model No. 
From To 1 2 3 4 
(year) (year) (Land Use Factor) 
Coconut (C ) 1 8 25 25 25 25 
Betel (Bt ] 1 4 10 10 10 10 
Ginger (G^) 1 2 50 
Turmeric (T ) 3 4 50 a Manioc (M) 1 1 50 
Pineapple (PA ) 
Si 
1 4 50 50 
Banana (B ) a 1 4 50 
Total Land 
Use 1 4 85 85 85 85 
Total Crop (a) 1 4 2.13 1.63 1.43 1, .63 
Intensity (b) 5 8 1.00 1.30 1.00 1, .00 
TABLE 5.11.2 
SUMMARY RESULTS OF INTERCROPPING MODELS UNDER REPLANTED 
SELECTED TALL COCONUTS 
Model Model Farm Average Maximum Annuity SNPV at Return per 
No. Type Annual Hired Labour 12% Labour Day 
Labour Requirement 
Requirements in Peak 
Period 
(labour days)(labour days) (Rs) (rank) (Rs) (Rs) (rank) 
11.1 I & II 82 86 3588 1 17821 27 1 a a a III 82 153 3509 17433 27 
11.2 C,Bt M,PA I & II 90 65 2647 3 1314 7 18 3 a a III 90 132 2569 12762 18 
11.3 C,Bt PA I & II 86 81 2583 2 12831 19 2 a a III 86 148 2518 12510 18 
11.4 C,Bt ,B I & II 79 57 2181 4 10835 17 4 a a III 79 123 2106 10464 17 
Note: (a) The symbols of the crops are given in Table 5.11. 1. 
TABLE 5.11.3 
RESULTS OF SENSITIVITY ANALYSIS OF SELECTED INTERCROPPING MODELS GROWN 
UNDER REPLANTED TALL COCONUTS 
Model 
No. 
Model Farm 
Type 
Sensitivity Analysis for 
Costs and Returns 
SNPV at 12% on 
Assumptions 
Cost/Price 
Sensitivity 
Index 
Discount Rates 
SNPV at Rates 
of 
Discount Rate 
Sensitivity 
Index 
A B C 8% 16% 24% 32% 
(Rs) (Rs) (Rs) (Percent) (rank) (Rs) (Rs) (Rs) (Rs) (Per 1 Cent)(rank) 
11. 1 d^ S^Bt ,G ,T I & II 17821 7987 27657 123 1 21123 15210 11362 8670 70 1 a a a III 17433 7598 27268 129 20715 14839 11023 8357 71 
11. 2 C,Bt ,M,PA I & II 13147 3382 22913 289 2 16582 10467 6617 4035 95 2 a a III 12762 2996 22528 325 16171 10105 6292 3743 97 
11. 3 C,Bt ,PA I & II 12831 3080 22582 317 3 16104 10260 6521 3960 95 2 a a III 12510 2759 22261 35 3 15759 9960 6257 3724 96 
11. 4 C,Bt ,B I & II 10835 1444 20226 650 4 13857 8437 5123 2865 101 4 a a III 10464 1073 19855 875 13462 8137 4809 2580 104 
Note: (a) The symbols of the crops are given in Table 5,11.1. 
TABLE 5.12.1 
DEFINITION OF INTERCROPPING MODELS UNDER UNDERPLANTED 
SELECTED TALL SEEDLING COCONUTS 
Model 
Crops 
Crops in Ground 
From 
(years) 
Coconut (Cu) 1 
Betel (Bt ) 1 a 
Ginger (G ) 1 3. 
Turmeric (T ) 3 a 
Pineapple (PA ) 1 
3. 
Banana (B) 1 
Land Use 1 
Land Intensity (a) 1 
• (b) 5 
To 
(years) 
4 
2 
4 
4 
4 
4 
4 
50 
10 
25 
25 
Model No. 
85 
1.63 
1.00 
50 
10 
(Land Use Factor) 
25 
85 
1.28 
1.00 
50 
10 
25 
85 
1.38 
1.00 
50 
50 
50 
100 
2.00 
1.00 
50 
50 
100 
50 
50 
100 
1.00 1.00 
TABLE 5.12.2 
SUMMARY RESULTS OF INTERCROPPING MODELS OF 
UNDERPLANTED COCONUTS 
Model Model Farm Average Maximum Annuity SNPV at Return per 
No. Type Annual Hired Labour 12% Labour Day 
Labour Requirement 
Requirements in Peak 
Period 
(labour days) (labour days) (Rs) (rank) (Rs) (Rs) (rank) 
12.1 d^^Bt ,G ,T I & II 86 14 3134 1 15571 23 1 a a a III 86 82 3077 15284 23 
12.2 C,Bt ,PA I & II 90 11 2601 2 12920 18 2 a a III 90 78 2527 12552 17 
12. 3 C,Bt B I & II 86 0 2408 3 11962 17 3 a a III 86 67 2337 11609 16 
12.4 I & II 59 0 1935 4 9612 20 4 a a III 59 67 1912 9498 20 
12.5 C,FA I & II 61 0 94 7 5 4702 10 5 a III 61 61 897 4455 10 
12.6 C,B I & II 54 0 543 6 2696 6 6 a III 54 36 528 2624 6 
Note: (a) The symbols of the crops are given in Table 5.12.1. 
a^  
TABLE 5.12,3 
RESULTS OF SENSITIVITY ANALYSIS OF SELECTED INTERCROPPING MODELS GROWN 
WITH UNDERPLANTED SEEDLING COCONUTS 
Model 
No. 
Model Farm 
Type 
Sensitivity Analysis for 
Costs and Returns 
SNPV at 12% on 
Cost/Price 
Sensitivity 
Index 
Discount Rates 
SNPV at Rates 
of 
Discount Rate 
Sensitivity 
Index 
A B C 8% 16% 24% 32% 
(Rs) (Rs) (Rs) (Per Cent) (rank) (Rs) (Rs) (Rs) (Rs) (Per Cent)(rank) 
12.1 C^^^Bt G , I & II 15571 6746 24395 130 1 18691 13125 9571 7128 74 1 a a 
T a 
III 15284 6469 24109 136 18387 12854 9325 6903 75 
12.2 C,Bt PA I & II 12920 4138 21703 212 2 16014 10507 7026 4664 88 2 a a III 12552 3770 21305 233 15622 10159 6713 4379 90 
12.3 C,Bt B I & II 11962 3360 20564 256 3 14932 9657 6359 4144 90 3 a a III 11609 3007 20212 286 14557 9325 6061 3874 92 
12.4 I & II 9612 2343 16882 310 4 12074 7740 5127 3418 90 4 a a III 9498 3323 16768 219 11955 7630 5026 3323 91 
Note: (a) The symbols of ' the crops are given in Table 5.12.1. 
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In contrast to these two sets, in the 50 per cent replanted 
coconuts, 75 per cent of the land is released for intercropping during the 
first four years and 50 per cent of the land intercropped from the 5th to 
15th year. Thus, in this model intercropping could continue throughout 
the life span of coconuts. The results of this set presented in Tables 
5.13.1, 5.13.2 and 5.13.3 can be compared with those of the other two sets 
and the sole crop of seedling coconuts given in Table 5.10. The results 
from the sole crop show that replanting or underplanting of senile coconuts 
with coconut seedlings without intercropping is uneconomic if yields higher 
than the average yield (see Table 5.5) are not expected. The results of 
the first 3 sets of models discussed above show that intercropping makes 
the replanting and underplanting of senile coconuts economical. 
The comparison of a particular crop combination in replanting and 
underplanting shows that the annuity and income per labour day are higher 
in the replanted sets. This can be attributed to the increased land 
availability for intercropping under replanting conditions. 
The results of the third set of intercropping models, show that 
the 50 per cent replanted coconuts system is a superior system of replanting, 
as the annuities and the incomes per labour day of the models are much higher 
than that of the other two systems. The comparison of the magnitudes of 
the sensitivity indices of the three sets show that 50 per cent replanting 
is a more stable system, providing higher SNPV even at higher discount rates. 
5.3.3.2 Intercropping Models Under Mature Average Coconuts 
This set includes the nine intercropping models presented in 
Tables 5.14.1, 5.14.2 and 5.14.3. These models cannot be compared directly 
with the previous models but rather with the sole mature coconut crop given 
in Table 5.10. They are the most important because about 65 per cent 
TABLE 5.13.1 
DEFINITION OF INTERCROPPING MODELS UNDER"50 PER CENT OF THE PALM POPULATION 
REPLANTED WITH TALL SEEDLING COCONUTS" 
Model Crops in Ground Model No. 
Crops From To 1 2 3 4 5 6 
(years) (years) (Land Use Factor) 
Old Coconuts 1 8 12.5 12.5 12.5 12.5 12.5 12.5 
Seedling Coconuts( ) 1 8 12.5 12.5 12.5 12.5 12.5 12.5 
Pepper on Coconut(P'') 1 8 5 5 5 5 5 5 
Betel (Bt ) P 1 4 10 10 10 
Betel (Bt^) 5 8 10 10 10 
Ginger (G) 1 2 50 
Ginger (GH 2 3 50 10 
Ginger (G°) 5 6 50 50 10 
Ginger (G^) 7 8 
Turmeric (T ) 3 4 50 
Turmeric (Tp 7 8 50 50 10 
Manioc (M) 1 1 50 10 
Pineapple (PA ) 1 4 50 60 70 
Pineapple (P^^) 5 8 70 
Banana (B ) 1 4 60 
Banana (B, ) b 5 8 25 35 45 90 
Total Land Use 1 4 90 90 90 100 100 100 
5 8 90 90 65 75 75 1.26 
Total Crop 1 4 2.21 2.21 1.51 1.64 1.20 1.08 
Intensity 5 8 2.21 2.21 1.46 1.63 1.20 
TABLE 5.13.2 
SUMMARY RESULTS OF INTERCROPPING MODELS UNDER 
FIFTY PER CENT REPLANTED OLD COCONUTS 
Model Model Farm Average Maximum Annuity SNPV at Return per 
No. Type Annual 
Labour 
Hired Labour 
Requirement 
12% Labour Day 
Requirements in Peak 
Period 
(labour days) (labour days) (Rs) (rank) (Rs) (Rs) (rank) 
13.1 I & II 136 40 8564 1 42545 39 2 
III 136 107 8427 41863 39 
13.2 I & II 137 18 7994 2 39710 36 4 
^d' ^b III 137 85 7851 39002 36 
13.3 I & II 132 33 6450 3 32041 31 6 
III 132 100 6326 31425 30 
13.4 ^b' I & II 69 9 3699 6 18375 33 5 
III 69 76 3676 18261 33 
13.5 I & II 74 0 5030 4 24986 42 1 
III 74 34 4982 23991 42 
13.6 I & II 79 0 4889 5 24286 38 3 
III 79 39 4829 23991 38 
Note: (a) The symbols of the crops are given in Table 5.13.1. 
TABLE 5.13.3 
RESULTS OF SENSITIVITY ANALYSIS OF SELECTED INTERCPOPPING MODELS GROWN 
UNDER '50 PER CENT OF THE PALM POPULATION REPLANTED WITH TALL SEEDLING COCONUTS' 
Model 
No. 
Model Farm 
Type 
Sensitivity Analysis for 
Costs and Returns 
SNPV at 12% on 
Assumptions 
Cost/Price 
Sensitivity 
Index 
Discount Rates 
SNPV at Rates 
of 
Discount Rate 
Sensitivity 
Index 
A B C 8% 16% 24% 32% 
(Rs) (Rs) (Rs) (Per Cent)(rank) (Rs) (Rs) (Rs) (Rs) (Per Cent)(rank) 
13. 1 Bt I & II 42545 25251 59838 68 1 51838 35332 25101 18392 79 1 p a D 
G ,T ,G,,T, a a d b 
III 41863 24570 59157 70 51056 34731 24618 17991 79 
13. 2 C,P^,Bt Bt I & II 39710 23453 55967 69 2 48854 32629 22623 16102 82 2 p a D III 39002 22745 55259 71 48042 32005 22123 15688 83 
13. 3 C,P^,Bt PA I & II 32041 16227 47855 97 3 40015 25884 17203 11558 89 3 P D d. III 31425 15611 47239 101 39298 25347 16783 11217 89 
13. 4 C,P^,M,G G I & II 18375 6030 30720 205 6 24202 13943 7829 3963 110 6 P D U III 18261 5916 30606 209 24064 13849 7761 3912 110 
13. 5 I & II 24986 12184 37789 105 4 31962 19686 12389 7791 97 4 P a P III 24747 11944 37550 107 31673 19486 12243 7681 97 
13. 6 I & II 24286 11255 37318 115 5 31712 18714 11202 6630 103 5 p a D III 23991 10959 37022 118 31364 18460 11005 6469 104 
Note: (a) The symbols of the crops are given in Table 5.13.1. 
TABLE 5.14.1 
DEFINITION OF INTERCROPPING MODELS UNDER MATURE AVERAGE COCONUTS 
Model Crop in Ground Model No. 
Crops From To 1 2 3 4 5 6 7 8 9 
(years) (years) (Land Use Factor 
Coconut (C ) 1 8 25 25 25 25 25 25 25 25 25 
Pepper on Coconut 
(pC) 1 8 10 10 10 10 10 10 10 10 10 
Betela (Bt ) ? 1 4 10 10 10 10 10 
Betelb (Bt^) 5 8 10 10 10 10 10 
Ginger^ (G ) 1 2 50 
Gingery (G ) 2 3 50 
Ginger^, (G ) 5 6 50 
Gingery (G ) 7 8 50 
Turmeric^ (T ) 3 4 50 
Turmeric^ (T^) 7 8 50 
Manioc (M) 1 1 50 
Pineapple^ (PA ) 1 4 50 65 
Pineapplej^ 5 8 
Banana^ (B ) 1 4 65 
Banana^ (B^) 5 8 45 60 
Pepper (P ) 1 8 45 60 
Coffee (C^) P 1 8 45 60 
Total Land Use 50 95 90 90 90 90 90 90 90 
Total Crop Intensity 2.29 2.29 1.74 1.74 1. 71 1.76 1.76 1.76 1.72 
o M 
TABLE 5.14.2 
SUMMARY RESULTS OF INTERCROPPING MODELS UNDER AVERAGE 
MATURE COCONUTS 
Model Model Farm Average Maximum Annuity SNPV at Return per 
No. Type Annual Hired Labour 12% Labour Day 
Labour Requirement 
Requirements in Peak 
Period 
(labour days) (labour days) (Rs) (rank) (Rs) (Rs) (rank) 
14.1 C(4,pc,Bt ,Bt, ,G , I & II 143 0 10834 2 53821 47 3 m' p' a' b' a' 
^a'^d'^b III 143 66 10668 52994 46 
14.2 I & II 144 0 10264 3 50989 44 5 m' p' a' b' 
S'^d'^b III 144 66 10092 50135 44 
14. 3 C ,P^,Bt, ,PA ,B, I & II 142 0 8905 5 44235 39 8 m p b a b III 142 54 8742 43426 38 
14.4 C Bt ,Bt, I & II 148 0 10899 1 54142 46 4 m p, a b p III 148 57 10719 53248 45 
14.5 C ,Bt, I & II 142 0 9818 4 48774 43 6 m p a b' f III 142 56 9642 47897 42 
14.6 C ,P'^ ,PA ,B, I & II 82 0 5686 8 28244 43 6 m p a b III 82 31 5629 27964 43 
14. 7 C ,P^,B B. I & II 84 0 5453 9 27089 40 7 m p a b III 84 37 5391 26783 40 
14.8 I & II 89 0 8406 6 41760 58 1 m p p III 89 49 8310 41280 58 
14.9 C .p'^ .c. I & II 80 0 6970 7 34618 54 2 m p f III 80 46 6888 34216 54 
Note: (a) The symbols of the crops are given in Table 5.14 .1. 
TABLE 5.14.3 
RESULTS OF SENSITIVITY ANALYSIS OF SELECTED INTERCROPPING MODELS GROWN 
UNDER AVERAGE MATURE COCONUTS 
Model 
No. 
Model Farm 
Type 
Sensitivity Analysis for 
Costs and Returns 
SNPV at 12% on 
Cost/Price 
Sensitivity 
Index 
Discount Rates 
SNPV at Rates 
of 
Discount Rate 
Sensitivity 
Index 
A B C 8% 16% 24% 32% 
(Rs) (Rs) (Rs) (Per Cent)(rank) (Rs) (Rs) (Rs) (Rs) (Per Cent)(rank) 
14.1 m p a' b 
G ,T ,G,,T, a a d b 
I & II 53821 28778 78865 87 3 68681 42476 26745 16737 96 1 
III 52994 27951 78038 90 67724 41752 26172 16266 97 
14.2 C^,P^,Bt ,Bt I & II 50989 26981 74996 89 5 65699 39775 24270 14449 101 2 m p a b III 50135 26128 74142 92 64712 39028 23679 13966 101 
14.3 C ,P^,Bt ,Bt I & II 44235 19781 68690 124 7 58088 33715 19238 10126 108 3 m p a b 
PA ,B, a b 
III 43426 1892 67880 129 57138 33017 18703 9698 109 
14.4 C ,P^,Bt ,Bt I & II 54142 30477 77807 78 1 72418 40533 22344 11361 112 4 m p a b 
P n 
III 53248 29583 76913 80 71383 39750 21722 10846 113 
14.5 
F 
C ,P^,Bt ,Bt I & II 48774 26625 70922 83 2 65691 36191 19401 9286 115 5 m p a b 
Cf 
III 47897 25750 70046 86 64676 35424 18792 8782 116 
14.6 C^,P^,PA B I & II 28244 7733 48755 265 8 39601 19733 82451 1207 135 7 m p a b III 27964 7454 48475 275 39264 19498 8075 1078 136 
14.7 C ,P^,B ,B, I & II 27089 6876 47301 293 9 38636 18486 6994 74 142 8 m p a b III 26783 6570 46995 307 38275 18222 6789 93 142 
14.8 I & II 41760 22173 61347 88 4 59056 29095 12599 3021 134 6 • m p p III 41280 21693 60867 90 58506 28671 12255 2730 135 
14.9 I & II 34618 17053 52183 103 6 50108 23317 8681 258 144 9 
III 34216 16651 51781 105 49648 22961 8390 8 145 
Note: (a) The symbols of the crops are given in Table 5.14.1. 
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(Table 3.10) of the coconut plantings in the study area are 15 to 60 years 
of age. Another 13.5 per cent are over 60 years old. 
In general, the results given in Tables 5.11.1, 5.12.1, 5.13.1 
and 5.14.1 show that a remarkable improvement in the total land use could 
be achieved through intercropping, increasing from 25 per cent in mature 
sole coconuts to 90 per cent in most of the other models. 
The total crop intensities have increased by upto 1.7 in most of 
the models with mature coconuts and by 2.3 in models 14.1 and 14.2. This 
compared with the GIF under monoculture which is 1. 
5.3.4 Comparison of Intercropping Models 
Specific intercropping models were built using the popularly grown 
crops in the coconut farms of the study area. These were compared with 
the results of the models with them grown as sole crops given in Table 5.10. 
The analytical results of these models, in three sets are presented in 
Tables 5.11.1, 5.11.2, 5.11.3, 5.12.1, 5.12.2, 5.12.3, 5.13.1, 5.13.2, 
5.13.3, 5.14.1, 5.14.2 and 5.14.3. 
In this case, annuity is the prime criterion for ranking and 
comparing the models. Those giving the highest annuity in each set have 
either betel or ginger and turmeric as component crops, except in the mature 
coconut set where betel, pepper on coconut and pepper are main component 
crops. 
Tlie annuities of the top ranking models of each set do not greatly 
differ and therefore in selecting the models for different typical situations, 
other subsidiary criteria are considered. 
The average annual labour requirements for all models are 
substantially higher than for those of a sole crop of coconuts, indicating 
the employment potential in intercropping coconuts. Crop models having 
betel have higher annual labour requirements, while models having pepper. 
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coffee, pineapple and banana require less labour but even this is 
substantially higher than that required for sole coconuts (22 labour days 
per annum). 
The three typical farm types, namely I, II and III identified in 
Chapter 3 have potential family labour (PFL) availabilities of 180, 78 
and 37 labour days per acre respectively. Types I and II do not require 
hired labour for intercropping under mature coconuts as they are able to 
meet the labour requirements from the PFL. Type II farms require hired 
labour if coconut seedlings are established with intercropping, but the 
requirement is smaller than that of Type III. The hired labour requirement 
of Type III farms varies with different intercropping models and those that 
demand less hired labour are more suitable as the hired labour would reduce 
the family income as well as involving the supervision of the labour. On 
these grounds intercropping models with pepper, coffee, pineapple and 
banana are suitable. 
Return per labour day is a measure of the reward to the farm family 
and is higher in models having pepper and coffee (see Table 5.14.2), 
Although ranking of models according to the cost sensitivity index 
does not represent a one-to-one correspondence with that according to 
annuities, the two measures closely correspond. 
With different discount rates the SNPVs for models having betel, 
ginger and turmeric as component crops rank higher than those having pepper, 
coffee, banana and pineapple (see Table 5.14.3). 
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CHAPTER 6 
SUMMARY, CONCLUSIONS AND 
POLICY IMPLICATIONS 
The practice of growing crops among coconuts, even though in a 
haphazard manner, is traditional on small holdings, but the intensification 
of cropping through the systematic cultivation of intercrops by using 
modern concepts of multiple cropping is a recent proposition. 
At present coconuts occupy the largest proportion of land under 
plantation crops but provide the lowest return per acre and employment. 
As planted, they underutilize the biological resources and this permits 
depending on the type of management which may range from near-neglect to 
highly intensive cropping, a heavy growth of weeds or pasture or of 
intercrops. 
Rapidly increasing rural population pressure calls for new areas 
of development strategies to provide employment and income for them and in 
the wet zone of Sri Lanka where no new land is available, this has focussed 
the attention of the planners, politicians and international financing 
agencies such as the World Bank, Asian Development Bank on the underutilized 
coconut lands. The Government of Sri Lanka set up a study group to look 
into different aspects of intercropping coconut lands which recommended 
suitable intercrops and crop combinations for different agroclimatic zones 
and ages of coconuts. The writer prepared the annual crop-budgets for 
these individual crops but a suitable method of economic assessment of the 
technically recommended crops of different lifespans was lacking. It was 
the aim of this study to economically assess the alternative intercropping 
models for different coconut farmers in the Colombo/Gampaha and Kegalla 
districts in the wet zone of Sri Lanka. 
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A survey of coconut farms in the two districts was conducted. 
As a result they were classified into three size classes: 
Small {S - 1 acres) 
Medium (2h - 10 acres) 
Large (more than 10 acres) 
It was found that intercrops were cultivated by more than 25 per cent of 
the farmers in the sample. Of these the early yielding crops such as 
ginger, turmeric, betel and banana were more popular on small farms. 
By examining the current intercropping practices and the resource 
endowments of the sample of coconut farmers, as discussed in Chapter 3 it 
was possible to identify some 'typical' farms: 
Type I farms: One acre coconuts with no paddy; 
Type II farms: Two acre coconuts with 0.75 acres of 
paddy; and 
Type III farms: Five acres of coconuts with 1.5 acres 
of paddy. 
The economic potential of various systematic intercropping models 
for the typical farms was then examined (see Chapter 5). The economic 
assessment was mainly confined to financial aspects and especially to the 
evaluation of the potential net revenue to the farm family and to the 
employment potential of different models. 
The results showed that the per acre potential family labour 
availability were not constrained for intensification of Type I and II 
farms but that Type III farms had to hire labour to meet the additional 
labour requirement. Therefore, the productivity of land is a more important 
constraint for Type I and II farms than for Type III farms where the 
constraint is labour. 
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Intercropping models based on the agronomic and agroclimatic 
factors considered in Chapter 2 were built for all the popular intercrops. 
These models were presented in four sets, three of which were for the 
seedling stage of coconuts established in senile coconut plantations under 
different methods and one for intercropping under mature coconuts. In 
all the models coconuts planted at 64 palms per acre were considered the 
main crop with the intercrops being fitted into the system in such a way 
that competition was minimal. 
The economic analysis of the perennial intercropping systems was 
made dynamic by considering the input-output relations throughout the 
lifespan of the individual crops. The cost of time was taken into account 
by discounting gains and costs at 12 per cent and conducting the sensitivity 
analyses at rates ranging from 8 to 32 per cent. Similarly the effect 
of the changes in yields and prices of inputs and products were subjected 
to analysis. 
The comparison and ranking of the intercropping models was by a 
partial budgeting procedure in which all fixed costs and costs common to 
all intercrops such as land rent were omitted. 
Conclusion 
For the reasons given in Chapters 2 and 3 the results of our 
analysis need to be treated cautiously. Thus, for instance, the data on 
which they are based were not derived from a statistical random sample, 
nor was it possible to obtain input-output data from individual farms. 
Even so, the results are considered to be sufficiently robust to provide 
indicators for research and future policy decisions. 
Coconuts provide the many subsistence needs to the rural population 
but the analysis of sole crop models showed that under monoculture they give 
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the lowest SNPV, annuity and labour requirements. However, because 
coconuts are normally inherited and are capable of producing substantial 
yields without any maintenance cost then replacement with more remunerative 
crops is not socially acceptable. 
The analysis of intercropping models showed that in general 
intercropping under coconuts yields higher returns and more employment 
to the farm family, the net returns and employment potential depending on 
the type of intercrops. Annuities and sensitivity indices for different 
intercropping models showed that those having betel are superior with 
higher labour inputs than all others. Pepper and coffee have lower labour 
requirements and higher returns per labour day than all others. Pineapple 
and banana give a reasonable annuity with a labour requirement which is 
low and similar to that of pepper and coffee. Pepper grown using coconut 
palms as support costs little in material inputs, requires little land 
and is extremely 'stable', and is, therefore, incorporated in to all mature 
coconut models. Betel, ginger and turmeric yield high early incomes and 
even at higher discount rates give higher SNPV than pepper and coffee. 
These subsidiary criteria lead to the conclusion that the crops which give 
higher SNPVs at high discount rates and which require high labour inputs 
are more suitable for low income farmers who have a high potential family 
labour (PFL) availability. These farmers generally operate Type I and II 
farms. The crops such as pepper and coffee which require less labour and 
give a high return for labour and a high SNPV at low discount rates are 
more suitable for Type III farmers who have low personal discount rates, 
operate the larger holdings, and have a small PFL availability per acre. 
The results showed that the present replanting and underplanting 
methods for ordinary coconut seedlings are uneconomical. The farmer can 
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cover the Initial cost of replanting by growing intercrops but both methods 
prevent intercropping from the fifth to fifteenth year of age (Table 1.5). 
The replacement of the whole 'senile' palm population is uneconomical but 
the method proposed in this thesis (i.e. the replanting of the least 
productive 50 per cent of palms prior to their senility, and maintaining 
the remaining palms for a further 15 years together with the seedling 
coconuts, making intercropping feasible throughout the lifespan of coconut) 
provides a higher revenue. 
The actual yield and age at which coconut palms should be replaced 
requires further study. 
As was discussed in Chapter 3, farmers reported that the 
intensification of the farming of coconut lands is impeded by drought,the non-
availability of labour, lack of credit and theft. These impediments could 
be overcome partially by providing credit for supplementary irrigation 
and for the hiring of labour at the commencement of land preparation. 
The extension of the coconut fertilizer credit scheme to the intercrops 
would also be of great value to the small farmer. 
Treating the intercropping of coconut lands as an integrated 
farming system, as seen in traditional 'home gardens' and 'Kandyan forest 
gardens', instead of as separate cultivations of different crops, by 
improving services such as extension, research and the supply of inputs 
would greatly enhance the adoption of systematic intensive cropping by the 
farmers. This approach would also increase the production of coconuts 
mainly through increasing the area of coconuts fertilized. 
The distinguishing feature of the coconut sector is the 
predominance of small, fragmented holdings. The inequality in the 
distribution of land and, therefore, in the distribution of income derived 
from coconuts, as discussed in Chapter 1, has lead to the philosophy that 
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a policy is needed to provide for the uplift of the small farmers 
(Umali, cited in De Los Reyes, 1978). In addition, because in 
the wet zone, small farmers have a surplus of labour there is a need for 
employment and output oriented policies. This means that the labour 
absorption potential of the agriculture sector, which mainly constitute 
lowland paddy and upland coconuts in the study area, must be increased 
to reduce the income inequality in the area. 
In contrast to the popular belief that income inequality has 
been increasing since the introduction of new technology such as the 
'Green Revolution', the results of this analysis showed that the revenue 
from the labour intensive intercropping models suitable for small farmers 
was higher than that for the large farmers. The revenues of intercropping 
models estimated in this thesis may not be obtained in practice by every 
farmer of the study area, as the input/output data were assembled from 
other sources as discussed in Section 5.2.2. But even if only half the 
estimated net revenues were earned it would be a worthwhile improvement 
over the existing practice of coconut farming under monoculture. The 
technology and crops used were not entirely new but they lead to an 
improvement of the existing system through the systematisation of already 
existing farming practices. Thus, if adopted, the income effect of the 
inequality of land distribution could possibly be partially reduced. 
In conclusion, increasing population pressure has promoted 
interest in methods of increasing agriculture production and income per 
unit of land. The intensification of coconut cropping areas is a very 
promising step in this direction and the intercropping practices 
recommended in this thesis, being labour-intensive, fit well into the 
social and cultural aspirations of the coconut small farmers. Thus the 
systematic intercropping of coconuts is technically feasible, socially 
acceptable and an economically viable farming system for the coconut 
farmers of the Colombo/Gampaha and Kegalla districts. 
APPENDIX A 
KEY PRICES ASSUMED FOR MARKETABLE 
OUTPUTS AND PURCHASED INPUTS 
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Outputs 
Coconut per nut 
Pineapple per lb 
Betel per 1000 leaves 
Paddy per bushel 
Turmeric(dry) per cwt 
Ginger(wet) per cwt 
Banana per cwt 
Manioc per cwt 
Coffee per cwt 
Pepper per cwt 
Inputs 
Hired labour per day 
Fertilizer mixture per lb 
(including transport cost) 
Rupees 
Rs 1.20 
Rs 0.30 
Rs20.00 
Rs65.00 
Rs616.00 
Rs280.00 
RsAO.OO 
Rs22.50 
Rsl680.00 
Rs65.00 
Rs20.00 
Rs 1.25 
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APPENDIX B.l 
SUMMARY RESULTS OF A SOLE CROP OF BANANA 
(400 plants per acre of coconuts) 
•r 
a 
c 
t ; V A R I A B L E C O S T S t 
/ H TOTAL * * ^ * * * in * If GROSS NET N . R . / 
Z- s labour LABOUR MATERIAL TOTAL REV- REVENUE LABOUR H Li 
N COSTS COSTS COSTS ENUE DAY OUTPUT 
( D M Y 3 ) (R3) <RS) (RS) (RS) (RS) < RS ) (CWT 
i 1 0 .00 0.00 0.00 0.00 0 .00 0.00 0 . 00 0 . 2 - 9' V 0 . 00 0.00 0.00 0.00 0.00 0.00 0 . 
•i 2 4 , 0 0 430.00 2250.00 2730 . 00 0.00 --2730.00 -113.75 0 -
i ' J . 0 0 0.00 0.00 0 . 00 0.00 0.00 0 . 00 0 . 
Y 3 . 0 0 60 . 00 0.00 60 . 00 0 .00 -60.00 -20.00 0. 
6 0.00 0.00 0.0 0 0. 00 0.00 0.00 0.00 0 . 1 4.00 30.00 50.00 130.00 0 .00 -130.00 -32.50 0 . 2 5.00 100.0 0 0 .00 100.00 0.00 -100.00 -20.00 0 . 3 3.33 77 .50 1310.00 1337.50 1000.00 -387.50 -100.00 n 4 7.23 14 4.50 50.00 194.50 1200.00 1005.50 139. 17 30 .' 3.53 170.50 0.00 170.50 800.00 629.50 73.84 20 . i- 3.73 75 . 70 1250.00 1325.70 1520.00 194.30 51 .33 38. 
3 i 5.97 119.30 50.00 169.30 480.00 310.70 52.09 12 . 7 . 33 157.50 0.00 157.50 1000.00 842.50 106.98 25 . 
o 3.09 61 . 70 1250.00 1311.70 1120.00 -191.70 -62.14 ~> P O • 
A 7.93 153.50 50.00 208.50 1600.00 1391.50 175 .58 40 . 
o S . 5 3 17 0.50 0.00 170.50 300.00 629.50 73.84 20 . d 4 . 0 6 31 . 30 1250.00 1331.30 16S0 .00 348.70 85 . 78 42 . 
i -i- 6 .39 127.70 50 .00 177.70 720.00 542.30 84 . 93 18 . 3.01 160.30 0 .00 160.30 1030.00 919.70 114.75 2.38 57.50 1250.00 1307.50 1000.00 -307.50 -106.96 25*. 4 7.23 14 4.50 50.00 194.50 1200.00 1005.50 139. 17 30 . 
Z' 9.23 134 . 50 0.00 134.50 1200.00 1015.50 110.08 30 . 3.73 75.70 1250.00 1325.70 1520.00 194,30 51 .33 38. 
i^jiii of Net F'teserit Value - RS 
T ri e d IT; o ; i i e d values d) i' e R S 
or RS 
T JI til i_dbour Use over tiie whole 
The 3 V e I' <3 ^  e A N N U A L 
jiid the dversae SEASONAL 
5 i 'i F ' e I' Labour day - R 3 
3 r; a 3 N F' v •, • e r L a r i d Use Factor - R S 
3 0 6 3 . 5 9 3t 
1 0 0 8 . 6 4 per 
1 6 0 . 2 7 per 
tirie p e r i o d 
labour use 
labour use is 
22 . 30 
510 5.99 
3 D i s c o u n t R a t e of 1 2 . 0 0 % 
year? 
s e a s o n . 
is 1 3 4 . 3 6 
IS 33.59_ 
0 t 60 
Labour 
1 a b o 'J r 
labour 
d a y s 
d a y s : 
d a y s . 
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A P P E N D I X B.2 
SUMMARY RESULTS OF A SOLE CROP OF B E T E L 
(180 v i n e s pe r coconut square (26* x 2 6 ' ) ) 
o 
* F. t A F I 
Y A lO'j AL » • * • 
r o LABi.UH L A B C U r^  
A r COSTS 
f 
(LA-iS) C H5 ) 
1 1 0 . 0 0 0 . 0 0 
2 2 2 4 . 0 0 4 4 8 0 . 0 0 
3 1 7 0 . 0 0 3 5 2 0 , 0 0 
4 8 0 . 0 0 16 0 0 . 0 0 
b 3 8 . 5 6 7 7 1 .6 ' ) 
6 f^l ,\u 17 4 3 . 6 0 
2 1 1 3 7 . 1 3 3 7 4 3 . 6 0 
2 1 3D . 1 3 2 7 2 3 . 6 Ci 
3 10 8 . 1 8 2 1 6 3 . 6 C 
4 1 5 3 . 1 3 3 1 6 3 . b <3 
5 1 1 0 . 1 8 2 3 2 3 . D 0 
o 1 2 0 . 1 « 2 4 0 3 . 6 0 
3 1 1 6 9 . 1 4 3 3 8 2 . 8 0 
2 1 3 6 . 1 b 2 7 2 3 . 6 0 
3 1 0 8 . 1 8 2 1 6 3 . 6 0 
4 1 5 6 . 1 8 3 1 6 3 . 6 0 
5 1 l b . 18 2 3 2 3 . 6 0 
6 1 2 0 . 1 8 2 4 0 3 . 6 0 
4 1 1 6 9 . 1 4 3 3 8 2 . 8 0 
2 1 2 8 . 0 2 2 5 6 0 , 4 0 
3 9 1 . 1 8 1 8 2 3 . 6 0 
4 1 3 1 . 1 4 2 6 2 2 . a (.' 
5 6D . 10 13 2 2 . 0 0 
6 5 7 . 5 2 1 1 5 0 , 4 0 
4 B L E » » • » 
• A1 E. H 1 A 1 
CCSTS 
(f'S) 
0 . 0 0 
0 . 0 fJ 
6 4 8U . 0 0 
2 8 0 . 0 0 
<! 2 C . 0 0 
_ 5 60 . 0 0 
^ d O . O O 
5 6 0 , 0 0 
5 fa 0 . 0 0 
5 6 0 . 0 0 
5 6 0 , 0 0 
5 6 0 , 0 0 
1 1 6 0 . 0 0 
5 6 0 .CO 
5 6 0 . 0 0 
5 6 0 . 0 0 
5 6 0 .O C 
5 6 0 . 0 0 
•120.00 
2 8 0 . 0 0 
2 8 0 . 0 0 
14 0 . 0 0 
0.00 
0.00 
C C 5 1 s » • * « • 
T C T A L 
CCSTS 
( R S ) 
0.00 
4 4 6 0 . 0 0 
10 0 0 0 . 0 0 
1 ? e .J. 0 0 
1 1 S 1 . 6 0 
2 3 0 3 . 6 u 
4 30 3 . to 
3 2 a 3 . oO 
2 7 2 3 . 6 0 
3 7 2 3 . 6 0 
2 8 8 3 . 6 C 
2 9 6 3 . b O 
4 5 4 2 . 8 0 
3 2 8 3 . 6 0 
2 7 2 3 . 6 0 
3 7 2 3 . 6 0 
2 8 8 3 . 6 0 
2 y 6 3 . 6 0 
3 8 0 2 . 8 0 
2 8 4 0 . 4 0 
2 1 0 3 . 6 0 
2 7 6 2 , 8 0 
1 3 2 2 . 0 0 
1 1 5 0 . 4 0 
GROSS 
H E V -
E N U E 
( H o ) 
0 . 00 
NET l ^ . R t / 
REVENUE LABOUR 
DAY OUTPUT 
( R S ) CKS^ ( L E A V E S 
0 ,'0'0 0 , 0 0 
O'.OO - 4 4 8 0 , 00 i - 2 0 , 0 0 
0.00 
0.00 
3 3 6 0 . 0 0 
8 9 6 0 . 0 0 
8 9 6 0 . 0 0 
8 9 6 0 . 0 0 
8 9 6 0 . 0 0 
8 9 6 0 . 0 0 
8960 . 00 
8 9 6 0 . 0 0 
6 7 2 C . 0 0 
8 9 6 0 . 0 0 
8 9 6 0 , 0 0 
8 9 6 0 . 0 0 
8960 . 00 
8 9 6 0 . 0 0 
6 7 2 0 . 0 0 
8 0 0 0 . 0 0 
6 9 6 0 . 0 0 
6 7 2 0 . 0 0 
4 4 8 0 . 0 0 
3 0 0 0 , 0 0 
- 1 8 8 0 , 0 0 
2 1 6 8 . 4 0 
6 6 5 6 . 4 0 
4 b 5 6 , 4 0 
5 6 7 6 , 4 0 
6 2 3 6 , 4 0 
5 2 3 6 , 4 0 
6 0 7 6 , 4 0 
5 9 9 6 , 4 0 
2 1 7 7 , 2 0 
5 6 7 6 , 4 0 
6 2 3 6 , 4 0 
5 2 3 6 , 4 0 
6 0 7 6 , 4 0 
5 9 9 6 , 4 0 
2 9 1 7 , 2 0 
5 1 5 9 , 6 0 
4 8 5 6 , 4 0 
3 9 5 7 , 2 0 
3 1 5 8 , 0 0 
1 8 4 9 , 6 0 
• 5 6 . 8 2 
• 2 3 . 5 0 
5 6 , 2 1 
7 6 , 3 5 
2 4 , 8 8 
4 1 , 6 8 
5 7 , 6 5 
3 3 , 1 0 
5 2 , 3 0 
4 9 , 9 0 
1 2 , 8 7 
4 1 , 6 8 
5 7 , 6 5 
3 3 , 1 0 
5 2 , 3 0 
4 9 , 9 0 
1 7 . 2 5 
4 0 . 3 0 
5 3 . 2 6 
3 0 , 18 
4 7 , 7 8 
3 2 , 1 6 
0, 
0, 
0. 
0. 
1 6 8 , 
448 . 
448 . 
448 . 
448 . 
448 , 
448 . 
448 , 
3 3 6 , 
446 , 
448 , 
448 , 
448 , 
448 . 
3 3 6 , 
4 0 0 . 
348 . 
3 3 6 . 
224 , 
1 5 0 , 
Surr. Of N e t P r e s e n t V a l u e = RS 58660 . 57 a t a D i s c o u n t R a t e ot 12 ,00% 
The a m o r t i z e , v a l u e s a r e hS 1 9 3 n . 0 8 p e r y e a r , 
l o t a l L a o o u r Use e v e r t n e . h c l e t i i P e p e r i o d i s 2§82 . 9 8 L a b o u r d a y s 
i n e a v e r a g e AK-.UAL l a b o u r u s e i s l a b o u r a a y s , 
d n i t h e a v e r a g e SEASCtvAL l a b o u r u s e i s 1 2 0 , 1 2 l a b o u r d a y s , 
SNFV p e r L a c o u r da y = FS 35 
and S'-FV s-er La r io u se F a c t o r = RS 83800 . 8 1 
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APPENDIX B.3 
SUMMARY RESULTS OF A SOLE CROP OF TURMERIC 
(planted at 1' x 1' spacing) 
* O 
• » V A K 1 A B L E C 0 S T S * 
i M lOTAL » • * f « » » > • » » » * • • G R O S S 
t S L A .lOU ij A f3 Q U K ' A T E. h I A L TG CAL HLV-
^ COS iS C C S T S c L s r s tNUE 
t L '. M I S ) ( k 3 J CHS ) (RS) (RS) 
1 i Ii . Oo 0 . 0 0 3.00 0.00 C .00 
2 3 0.0 0 D O O . O Q 0.00 o 0 0 . 0 0 0 . 0 0 
3 10.0 0 2 0 0 . 0 0 1 6 3 0 . 0 0 1 8 3 0 . J u 0 .00 
t 2 0.00 4 0 . D 0 0 . 0 0 4 0 0.00 0,00 
b . 0 (J 0,00 1) . 0 Ti 0 . 0 0 0,00 
b 
1 
0.00 0.00 0.00 0 . 0 0 0 , 0 0 
2 13.01 2 6 0.1 1 0 . 0 0 2 6 0.14 6591 , 20 
2 0 . 0 0 0 . 0 0 0 . y 0 0 . 0 0 0,00 
3 0.00 0 . 0 0 0.00 0.0 0 0.0 0 
4 0,00 0 .00 0 . 0 0 0.00 0 .00 
S U , oo 0 . ) 0 0 , J V 0 . 0 0 0 , 0 0 
ti r,. 0 0 0 . 10 0 . 0 0 0.0 0 0 , 0 0 
Ntl N . K , / 
<eve;,nue l a b u u h 
DAi O U T F O T 
(RS) (RS) CCaT 
0,00 0 , 0 0 0 
- 5 0 0 , 0 0 - 2 0 , 0 0 0 
1 8 3 0 , 0 0 - 1 8 3 , 0 0 0 
- 4 0 0 . 0 0 - 2 0 , 0 0 0 
0 , 0 0 0 ,00 0 
0,00 0 , 0 0 0 
b 3 3 i , 0 6 4 8 o , 7 4 11 
0 , 0 0 0.00 0 
0 , 0 0 0 , 0 0 c 
0 , 0 0 0 , 0 0 0 
0,00 0 , 0 0 0 
0 , 0 0 0 , 0 0 0 
12.00% Suin ot I-el P r e s e n t V a l u e = Ro 2 8 6 9 . 1 3 at a D i s c o u n t Rate of 
ine a m o r t i z e a v a l u e s are RS 1 D 9 7 . 6 6 per y e a r , 
cr HS 269,7b per s e a s o n . 
Total L a b o u r Use over tne *hcle time p e r i o d is 73,01 L a b o u r days 
The a v e r a g e an.nual labour use is 3 6 . 5 0 labour d a y s , 
and the a v e r a g e StASQiNAL labour use is 6 , 0 8 labour d a y s , 
SNPV per Laoour day = r^ S 3 9 , 3 0 
ann s.'^ PV per Lan-J Use F a c t o r = SS 5 7 3 8 . 2 6 
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APPENDIX B.4 
SUMMARY RESULTS OF A SOLE CROP OF GINGER 
(planted at 1' x 1' spacing) 
* « 
% V A t- 1 A e L t C C 5 I S • 
Y H 10 T A L * » « » » « • » » • » • * • • G R O S S NET N , R , / 
t-. s Labour LAfiG'JW A T t. H I L ICTAL R t V - R L V E N U E L A B O U R a' n CUSTS CCSTS CCSTS ENLJt: DAY O U T P U T 
( L' A Y S ) (KS) ( RS ) CHS) (RS) (RS) (RS) (CwT 
1 1 0.00 0 . 0 0 0 .00 0,0 0 C .00 0,00 0,00 0, 
2 3 0.0 0 0 0 (' . 0 0 2 7 0 0,00 3300,00 0,00 -3300,00 • -110,00 0, 
3 1 0 . (JO 200 . 00 2 8 0,00 4 8 0,00 0,0 0 -480,00 -48,00 0, 2 0,00 400.00 0,00 400,00 0.00 -400,00 -20,00 0, 
5 0.00 0.00 0.00 0,00 0,00 0,00 0 ,00 0. 
0 U . 0 0 0.00 0,O0 0,00 0,00 0,00 0,00 0 , 2 1 34.21 68 i. 20 0.00 b84,20 12600,00 11915,80 348.31 45, 2 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0, 3 0 . ou 0,0 0 0.0 0 0,00 0,00 0 , 00 0,00 0. 4 0.00 0,00 0,0 0 0,0 0 0,00 0,00 0,00 0, 5 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0, 
b 0.00 0.00 0,00 0,00 0,00 0,00 0,00 0, 
S u < J t (Net P r e s e n t Vd 1 ue = HS 
'rne a m o r t i z e d values are RS 
cr RS 
Total Ldcour Use over tne nhole tiire p e r i o d Is 
Tne average ANjiUAL latour use Is 
and the average S E A S O N A L labour use is 
S:jPV per LaCour day = RS 68.34 
ana S!,hv per Land Use Factor = RS 1 2875,86 
0 4 3 7 . 9 J dt a D i s c o u n t Rate ot 
3609 . 3 1 per y e a r , 
605,29 per s e a s o n . 
12,00% 
94,21 L a D o u r days 
47,11 laDour d a y s , 
7,85 labour d a y s . 
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APPENDIX B.5 
SUMMARY RESULTS OF A SOLE CROP OF PINEAPPLE 
(8300 plants per acre of coconuts) 
5 
t. • V A H I 
A 1 C T L t * $ ^  
S i.AtiOUK L A B 0 Li H 
n C O S T S 
(L'A YS ) ( R 5 ) 
1 1 3 0 . 0 0 6 0 0 . 0 0 
2 3 4 . 0 0 o b u . 0 0 
3 4 . u 0 8 0 . 0 0 
4 b . 0 0 1 6 0 . 0 0 
5 b . 50 13 0 . 0 0 
0 u . 0 0 0 . 0 0 
2 1 1 2 . 7 6 2 5 5 . 2 0 
2 7 . 3 9 147 . SO 
3 (S.2b 12 5 . 2 0 
4 1 5 . 7 7 3 1 5 . 4 0 
5 1 u . b (i 2 1 6 , 0 0 
o 2 . 2 7 4 5 . 4 0 
3 1 1 4 . 0 4 2H0.^0 
2 7 . 7 4 1 5 J. -j 0 
3 7 . 1 7 14 3 . 1 0 
4 l b . 0 1 3 3 2 , 2 0 
5 1 1 . 3 6 2 2 7 . 2 0 
6 2 . 4 8 4 9 . 6 0 
4 1 1 3 . 69 2 7 3 . 8 0 
2 7 . 3 2 1 4 6 . 1 0 
3 6 . 0 5 12 1.00 
4 1 5 . 5 6 3 1 1 , 2 0 
5 lu . 80 2 1 6 , 0 0 
b 2.27 4 5 , 4 0 
, c L L C * * » » « 
- A 11 K 1 A L 
C t S l S 
(f-s; 
o . c o 
3 4 1 2 . 5 0 
0 . 0 0 
0 . 0 0 
1 1 7 7 . 5 0 
1 0 0 . 0 0 
0 . 0 0 
9 3 7 . b 0 
0 , 00 
0 . 00 
9 3 7 . 5 0 
10 0 . 0 0 
0.00 
9 3 7 . 5 0 
0 . 0 0 0.00 
9 3 7 . 5 0 
10 0 . 0 0 
0 . 0 0 
9 3 7 . 5 0 
0 . 0 0 
0 . 0 0 
9 3 7 . 5 0 
100.00 
.'iur ot ;<et P r e s e n t V a l u e = KS 
I He a m o r t i z e o v a l u e s are 
0 r R S 
l o t a I L a b o u r use e v e r ttie *licle t i r e p e r i o d is 
rne a v e r a g e A.\,iUAL l a b o u r u s e is 
arJ tr.e a v e r a g e 3hASo;. AL l a o o u r use is 
S K P V per L a t o u r d a y = S5 2 0 , 3 0 
a n o c>.PV per L a n i Use e a c t c r = RS 7 3 3 1 . 1 5 
C VS T S % 
• • • » • G R O S S NET N , R , / 
I C T A L R E V - R E V E N U E L A 3 0 U K 
C C 5 T S ET; U E D A Y O U T P U T 
( K S ) (RS ) (RS3 ( R S ) (C»,T 
6 0 0 . 0 0 0 , 0 0 -FAOO.00 - 2 0 , 0 0 0 , 
4 0 9 2 , 5 0 0 ,00 - 4 0 9 2 , 5 0 - 1 2 0 , 3 7 0 , 
6 0 , 0 0 0 , 0 0 - 8 0 , 0 0 - 2 0 , 0 0 0 . 
16 0 . 0 0 0 , 0 0 - 1 6 0 , 0 0 - 2 0 , 0 0 0 , 
1 307 . 5C 0 , 0 0 - 1 3 0 7 , 5 0 - 2 0 1 , 1 5 0 , 
10 0 , 0 0 0 , 0 0 - 1 0 0 , 0 0 0 , 0 0 0 , 
2 5 5 . 2 0 b l 2 , 0 0 3 5 6 , 8 0 2 7 , 9 6 1 8 , 
1 0 8 5 . 3 0 9 1 8 , 0 0 - 1 6 7 , 3 0 - 2 2 , B 4 27 , 
1 2 5 . 2 0 2 3 1 2 , 0 0 2 1 8 6 , 8 0 3 4 9 , 3 3 68 , 
3 1 5 , 4 0 2 0 7 4 , 0 0 1 7 5 8 , 6 0 1 1 1 , 5 2 61 , 
1 1 5 3 , 5 0 1 3 6 0 , 0 0 2 0 6 , 5 0 1 9 , 1 2 40 , 
1 4 5 , 4 0 3 7 4 , 0 0 2 2 8 , 6 0 1 0 0 , 7 0 1 1 , 
2 8 0 , 8 0 7 4 8 , 0 0 4 6 7 . 2 0 3 3 , 2 8 2 2 , 
10 9 2 . 3 0 1 0 8 8 , 0 0 - 4 , 3 0 - 0 , 5 6 3 2 , 
1 4 3 . 4 0 2 7 5 4 , 0 0 2 6 1 0 , 6 0 3 6 4 , 1 0 8 1 . 
3 3 2 , 2 0 2 4 8 2 , 0 0 2 1 4 9 , 8 0 1 2 9 , 4 3 7 3 . 
1 1 6 4 , 7 0 1 6 3 2 . 0 0 4 6 7 , 3 0 4 1 , 1 4 4 8 . 
1 4 9 . 6 0 4 7 6 , 0 0 3 2 6 , 4 0 1 3 1 , 6 1 1 4 . 
2 7 3 , 6 0 5 7 8 , 0 0 3 0 4 , 2 0 2 2 , 2 2 1 7 , 
1 0 6 3 , 9 0 8 8 4 , 0 0 - 1 9 9 , 9 0 - 2 7 , 3 1 2 6 , 
1 2 1 . 0 0 2 2 1 0 , 0 0 2 0 8 9 , 0 0 3 4 5 , 2 9 6 5 , 
3 1 1 . 2 0 1 9 7 2 , 0 0 1 6 6 0 , 80 1 0 6 , 7 4 5 6 . 
1 1 5 3 , 5 0 1 3 6 0 , 0 0 2 0 6 , 5 0 1 9 , 1 2 40 , 
1 4 5 , 4 0 3 7 4 , 0 0 2 2 8 , 6 0 1 0 0 , 7 0 1 1 . 
5 1 3 1 , 8 1 dt a D i s c o u n t R a t e of 1 2 , 0 0 % 
l b 8 9 . 5 7 per y e a r , 
2 6 8 , 4 7 per s e a s o n , 
2 5 2 , 8 4 L a b o u r o a y s 
•6 3 , 2 1 l a b o u r d a y s , 
1 0 , 5 4 l a b o u r d a y s . 
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APPENDIX B.6 
SUMMARY RESULTS OF A SOLE CROP OF MANIOC 
(planted at 3' x 3' spacing) 
* S 
* E » A H 1 d L t C U S T S * Y A TOTAL • • « f • » • • » * GROSS E S LAlii'.UR L A t3 U U H A1 h K 1 A L TOTAL REV-A u CUSTS CCtlS CC5TS ENUE 
(DAYS) (PS) (K5} CR5) (RS) 
1 I 1 b . 0 0 3 2 V . t) 0 0.00 320.00 0.00 2 11.00 2 2 0 . 01'' 6 0,00 280.00 0 .00 3 4.00 8 0.00 5 6 0,00 640.00 0.00 4 fi .00 160.00 U.OO 16 0.00 0.00 5 O.OO 0.00 0 . (J 0 0.0 0 0.00 o 2 2.40 448.00 0.00 448.00 2700.00 
NET N.R,/ 
REVENUE LABOUR 
DAY OUTPUI 
CRS) (RS) (Cr.T 
320,00 -20.00 0. 
280,00 -25,45 0. 
640,00 -160,00 0. 
160,00 -20,00 0. 0,00 0,00 0. 2252,00 100.54 120. 
Su-. of ,\et Present Vdiue = RS 
Tne airorlize'l values are RS 
cr RS Totdl Laoour Use over tlie -nole time period is 
673,98 at a Discount Rate of 
754,8b per year, 
119.94 per season. 
12.00% 
61.40 Labour days 
» s 
* Ir 
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APPENDIX B.7 
SUMMARY RESULTS OF A SOLE CROP OF PEPPER ON COCONUT 
(128 plants per acre of coconuts) 
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APPENDIX B . 8 
SUMMARY RESULTS OF A SOLE CROP OF PEPPER^ 
(400 plants per acre of coconuts) 
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APPENDIX B.g 
^ ' SUMMARY RESULTS OF A SOLE CROP OF COFFEE 
^ 2 (AGO plants per acre of coconuts) 
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li Rrl^e i 2 . o o ; ( 
T u l d l LoUuui—LKy uv.ji 
ore RS 
or RS 
-ttrp—wl ici 1 e 
2 7 6 0 . 2 9 c-^ e'r 
4 3 3 . 6 0 FKi-
I i me—F-e-rTcrrh -F T 
The aversiSe ANNUAL l 3hour use 
snd the sverssSe SEASONAL labour use 
Ldbuui - RO 
1 s 
i s 
l..abcv..ir 
3 9 . 0 0 labour d s b s . 
6 . 5 0 T B I." ' o i I r ri 3 y s . 
SNF'*.' He I 
per L a ri d and SNPU Use F a c t o r = PS 2 3 5 3 . 5 
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SUMMARY RESULTS OF A SOLE CROP OF MATURE COCONUTS 
(6A plants per acre) 123 
» 
* 
b 
E * y A R I A B L E C 0 S T S * 
y H TOTAL * * * - * t t ^  -rj-GROSS - — N E T - N . R . / 
E s LABOUR LABOUR MATERIAL TOTAL ; REV- REVENUE LABOUR A 0 COSTS COSTS COSTS ENUE DAY OUTF'U" K N 
(DAYS) (RS) (RS) (RS) (RS) (RS) (RS) (NUTS 
1 5.78- ^ 1 1 9 . 5 2 18625.00 18744.52 331.20 3081.21 276. 2 1.14 22.74 0.00 22. 74 524.40 501.66 441.21 437. 
3 3.23 64.58 288.40 352.98 634.80 281.82 87.28 529. 
4 6.18 123.6«- 2:^00 "l"4 8.-6 6 -• -379.60 - 430.74 67.70 -483. 
5 1 .02 20.44 0.00 20.44 386.40 365.96 358.08 
6 2.95 59.04 275.00 334.04 302.40 -31.64 -10.72 252. 
n 1 6.06- - 1 2 1 . 1 8 25.00 146.IB 430.80 284.62 46.77 357. 0 1 .27 25.36 0.00 25.36 681 .60 656.24 517.54 568. 
3 3.39 67.76 250.00 317.76 825.60 507.84 147.87 688. 
4 6.33 125.5^6 25-.-00" -151 .36 753.60 602.04 75. 14 628. 
5 1 .12 22.36 0.00 22.36 501.60 479.24 428.66 418. 
6 3.03 60.58 275.00 335.58 394.80 59.22 19.55 32V. 3 1 6 710 121.90 25.00 146.70 474.00 327.10 53.67 375. 
n 1 .33 26.50 0.00 26.50 750.00 723.50- 546.04 625. 
3 3 . 46 69.14 250.00 319.14 908.40 589.26 170.45 757. 4 6. ^ y 1.:.'/ . bU 2b. UO 152.80 • 828.00 - 675.20 - 10S.-67 - 670r-
5 1 .16 23.20 0.00 23.20 552.00 528.80 455.86 460 . 
6 3.06 61 .24 275.00 336.24 434.40 98. 16 32.06 362. 4 1 6.10-— 1 2 2 . 0 4 25.00 147.04 482.40 335.36 54.76 402. 2 1 .34 26.72 0.00 26.72 763.20 736.48 551.26 636. 
3 3.47 69.40 288.40 357.80 924.00 566.20 163.17 770. 
4 6.40 IL'B.Ob 2D . UU -"S44T80 — 6 7 1 . 7 2 108.01 704. 
5 1 .17 23.40 0.00 23.40 564.00 540.60 462.05 470 . 
6 3.07 61 .36 275.00 336.36 441.60 105.24 34.30 368. 
5 6. 11- 122 716 25.00 147.16 487.60 342.44 56. 06 408. 2 1 .35 26.92 0.00 26.92 775.20 748.28 555.73 646. 
3 3.48 69.64 250.00 319.64 738.40 618.76 177.70 782. 
4 6.41 128.28 25.00 153728 ~855TB0- - 7 0 3 T 3 2 ~ "109.67 714. 
U 1 .18 23.52 0.00 23.52 571.20 547.68 465.71 476. 
6 3.07 61.48 275.00 336.48 448.80 112.32 36.54 374 , 
6^1 6.13 """122.50 25.00 147.50 510.00 362.50 57. 18 425. 0 1 .37 27.44 0.00 27.44 806.40 778.76 567.76 672. 
3 3.51 70.28 250.00 320.28 776.80 656.52 186.83 814 . 
4 6 .44 12H.B6 25 . 00 lb3.86 -87rr60 —737.-74 -114.50 -743." 
5 1 .20 23.90 0.00 23.90 594.00 570.10 477.07 475. 
6 3.09 61 .80 275.00 336.80 468.00 131.20 42.46 370. 
" 7 1 6T15 " 1 2 3 . 0 4 25.00 148.04 542.40 394.36 64 .10 452. 
2 1 .42 28.32 0.00 28.32 859.20 830.88 586.78 716. 
3 3.57 71 .34 288.40 359.74 1040.40 680.66 170.82 867. 
4 6.4V 129.82 2b . 00 lb4.B2 947.20 - -774.38 • 122.38- ~771T-
5 1 .23 24.56 0.00 24 .56 633.60 607.04 475.76 528. 
6 3.12 62.30 275.00 337.30 498.00 160.70 51 .57 415. 
8 1 6. IB 123.66 ^25.00 148.66 579.60 430.74 67.70 483. 
2 1 .47 29.30 0.00 29.30 918.00 888.70 606.62 765. 
3 3.63 72.52 250.00 322.52 n i l .20 788.68 217.51 726. 
4 6. btj 130.70 2b . 00 155T70 -1014T0tl- - 855710- 131.11 " 8437-
5 1 .26 25.28 0.00 25.28 676.80 651.52 515.44 564 . 
6 3.14 62.84 275.00 337.84 530.40 192.56 61 .27 442 . 
4-349-r4a—at -3-Discount Rate of 
The smortized values are RS 855.43 per yearir 
or RS 135.93 per season. 
Total Labour-Use over the whole time period is 172.26 Labour days 
The average ANNUAL labour use is 21.53 labour daysr 
and the average SEASONAL labour use is 3.5V labour days. 
S N f - V - T ^ B T - t : 3 t i o u r — 2 4 . - 1 6 - 7 " 
and SNPU per Land Use Factor = RS 16997.92 
* s 
* E 
E S 
A 0 
R N 
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SUMMARY RESULTS OF A SOLE CROP OF UNDERPLANTED SEEDLING TALL COCONUTS 
(64 plants per acre) ^ 
( D A Y S ) ( R S ) < R S ) ( R S ) ( R S ) 
i t c U A R I A B L E C O S T S * 
A ^TiJTAt » » * * * * - G R O S S -
L A B O U R L A B O U R M A T E R I A L T O T A L R E U -
C O S T S C O S T S C O S T S E N U E 
— N E T N^.Rv/ 
R E V E N U E L A B O U R 
D A Y O U T P U T 
( R S ) ( R S ) ( N U T 
Sun. of N e t - p r e s e n t V a l u e = R S - 3 3 1 8 . 9 9 
T h e a m o r t i z e d v a l u e s a r e R S - 6 6 8 . 1 2 
o r R S - 1 0 6 . 1 6 
l o t a l L a b o u r U s e o'veF'tTTe"uKole''t'lme^'F-gT" 
T h e a v e r a g e A N N U A L l a b o u r u 
a n d t h e a v e r a a e S E A S O N A L l a b o u r u 
S N P V p e r L a b o u r d a y = R S - 9 
a t a Discourit Ra 
p e r y e a r ? 
p e r s e a s o n . 
t e of 12.00^1 
l O d i s - 3 4 1 . 2 4 
s e is 4 2 . 6 5 
s e is 7 . 1 1 
.73 
a n d S N P V p e r L a n d U s e F a c t o r = R S - 6 6 3 7 . 9 7 
L a b o u r d a y s 
l a b o u r d a y s r 
laboijr d a y s . 
SUMMARY RESULTS O: 
* S 
* E * V A R I 
Y A TOTAL * * * * 
E S LABOUR LABOUR 
A 0 COSTS 
R N 
(DAYS ) ( R S ) 
1 1 1 . 0 0 2 0 . 0 0 
o 9 3 . 5 0 1 8 7 0 . 0 0 
3 3 . 0 0 6 0 . 0 0 
4 2 . 0 0 4 0 . 0 0 
5 0 . 0 0 0 . 0 0 
6 0 . 0 0 0 . 0 0 
O 1 5 . 0 0 1 0 0 . 0 0 
n 0 . 0 0 0 . 0 0 
3 3 . 0 0 6 0 . 0 0 
4 5 . 0 0 1 0 0 . 0 0 
2 . 0 0 4 0 . 0 0 
6 0 , 0 0 0 . 0 0 
3 1 5 . 00 1 0 0 . 0 0 
0 . 0 0 0 . 00 
3 2 . 0 0 4 0 . 0 0 
4 5 . 0 0 1 0 0 . 0 0 
5 2 . 0 0 4 0 . 0 0 
6 0 . 0 0 0 . 0 0 
4 1 5 . 0 0 1 0 0 . 0 0 
•n 0 . 0 0 0 . 0 0 
3 2 . 0 0 4 0 . 0 0 
4 5 . 00 1 0 0 . 0 0 
5 2 . 0 0 4 0 . 0 0 
6 0 . 0 0 0 . 0 0 
5 1 5 . 0 0 1 0 0 . 0 0 
n 0 . 0 0 0 . 0 0 
3 2 . 0 0 4 0 . 0 0 
4 5 . 0 0 1 0 0 . 0 0 
5 2 . 0 0 4 0 . 0 0 
6 0 . 0 0 0 . 0 0 
6 1 5 . 0 0 1 0 0 . 0 0 
p 0 . 0 0 0 . 0 0 
3 2 . 0 0 4 0 . 0 0 
4 5 . 0 0 1 0 0 . 0 0 
5 2 . 0 0 4 0 . 0 0 
6 0 . 0 0 0 . 0 0 
7 1 5 . 7 0 1 1 4 . 0 0 
n 0 . 8 S 1 7 . 5 0 
3 2 . 9 8 5 9 . 5 0 
4 5 . 9 3 1 1 8 . 5 0 
5 2 . 7 8 55 . 50 
6 0 . 7 0 1 4 . 0 0 
8 1 6 . 0 0 1 1 9 . 9 0 
O 1 . 32 2 6 . 3 0 
3 3 .50 7 0 . 0 0 
4 6 . 4 0 1 2 8 . 0 0 
5 1 . 09 21 . 75 
6 2 . 9 5 5 9 . 0 0 
APPENDIX B.12 
(64 p lants per ac re ) 
* * * * * * * * * 
MATERIAL TOTAL 
COSTS 
125 
( R S ) 
3 7 7 0 . 0 0 
0 . 0 0 
3 5 1 . 2 0 
2S . 00 
0 . 0 0 
1 2 0 . 0 0 
2!^,. 00 
0 . 0 0 
1 8 1 . 0 0 
- 2 5 . 0 0 
0 . 0 0 
1 6 0 . 0 0 
2 5 . 0 0 
0 . 0 0 
2 0 0 . 0 0 
2 5 . 0 0 
0 . 0 0 
2 0 0 . 0 0 
2 5 . 0 0 
0 . 0 0 
2 6 5 . 6 0 
2 5 . 0 0 
0 . 0 0 
24 0 . 0 0 
2 5 . 0 0 
0 . 0 0 
2 7 5 . 0 0 
2 5 . 0 0 
2 7 5 . 0 0 
0 . 0 0 
2 5 . 0 0 
0 . 00 
27^ 
25, 
0 , 
275 , 
25, 
0 , 
.00 
.00 
. 0 0 
.00 
. 0 0 
.00 
3 0 0 . 6 0 
2 5 . 0 0 
0 . 0 0 
2 7 5 . 0 0 
2 5 . 0 0 
0 . 0 0 
2 7 5 . 0 0 
2 5 . 0 0 
0.00 
2 7 5 . 0 0 
COSTS 
( RS ) 
GROSS 
REV-
ENUE 
(RS.) 
NET N . R . / 
REVENUE LABOOR 
MAY 00 T Ft 11 
(• RS ) ( R S ) (NUTS 
3 7 9 0 . 0 0 0 . 0 0 - 3 7 9 0 . 0 0 • - 3 7 9 0 . 0 0 0 . 
1 8 7 0 . 0 0 0 . 0 0 - 1 8 7 0 . 0 0 • 2 0 . 0 0 0 . 
4 1 1 . 2 0 0 . 0 0 - 4 1 1 . 2 0 - 1 3 7 . 0 7 0 . 
6 5 . 00 0 . 0 0 - 6 5 . 0 0 - 3 2 , 5 0 0 . 
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 
120 . 00 0 . 00 - 1 2 0 . 0 0 0 . 0 0 0 . 
1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 - 2 5 . 0 0 0 . 
0 . 00 0 . 0 0 0 . 0 0 0 . 0 0 0 . 
2 4 1 . 0 0 0 . 00 - 2 4 1 . 0 0 - 8 0 . 3 3 0 . 
1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 - 2 5 . 0 0 0 . 
4 0 . 0 0 0 . 00 - 4 0 . 0 0 - 2 0 . 0 0 0 . 
1 6 0 . 0 0 0 . 0 0 - 1 6 0 . 0 0 0 . 0 0 0 . 
1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 - 2 5 . 0 0 0 . 
0 . 00 0 . 0 0 0 . 0 0 0 . 0 0 0 . 
2 4 0 , 0 0 0 . 00 - 2 4 0 . 0 0 - 1 2 0 . 0 0 0 . 
1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 - 2 5 . 0 0 0 . 
4 0 . 0 0 0 . 0 0 - 4 0 . 0 0 - 2 0 . 0 0 0 . 
2 0 0 . 0 0 0 . 00 - 2 0 0 . 0 0 0 . 0 0 0 . 
1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 - 2 5 . 0 0 0 . 
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 
3 0 5 . 6 0 0 . 0 0 - 3 0 5 . 6 0 - 1 5 2 . 3 0 0 . 
1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 - 2 5 . 0 0 0 . 
4 0 . 0 0 0 . 0 0 - 4 0 . 0 0 - 2 0 . 0 0 0 . 
24 0 . 0 0 0 . 00 - 2 4 0 . 0 0 0 . 0 0 0 . 
1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 - 2 5 . 0 0 0 . 
0 . 00 0 . 0 0 0 . 0 0 0 . 0 0 0 . 
3 1 5 . 0 0 0 . 0 0 - 3 1 5 . 0 0 - 1 5 7 . 5 0 0 . 
1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 - 2 5 . 0 0 0 . 
3 1 5 . 0 0 0 . 0 0 - 3 1 5 . 0 0 - 1 5 7 . 5 0 0 . 
0 . 0 0 0 . 0 0 0 . 0 0 0 . 00 0 . 
1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 - 2 5 . 0 0 0 . 
0 . 0 0 0 . 00 0 . 00 0 . 0 0 0 . 
3 1 5 . 0 0 0 . 0 0 - 3 1 5 . 0 0 - 1 5 7 . 5 0 0 . 
1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 - 2 5 . 0 0 0 . 
4 0 . 0 0 0 . 0 0 - 4 0 . 0 0 - 2 0 . 0 0 0 . 
2 7 5 . 0 0 0 . 0 0 - 2 7 5 . 0 0 0 . 0 0 0 . 
1 3 9 . 0 0 1 2 0 . 0 0 - 1 9 . 0 0 - 3 . 3 3 100 . 
1 7 . 5 0 2 0 4 . 0 0 1 8 6 . 5 0 2 1 3 . 1 4 170 . 
3 6 0 . 1 0 2 5 2 . 0 0 - 1 0 8 . 1 0 - 3 6 . 3 4 2 1 0 . 
1 4 3 . 5 0 2 2 8 . 0 0 8 4 . 5 0 1 4 . 2 6 190 , 
5 5 . 5 0 1 5 6 . 0 0 H ) 0 . 5 0 3 6 . 2 2 130 . 
2 8 9 . 0 0 1 2 0 . 0 0 - 1 6 9 . 0 0 - 2 4 1 . 4 3 100 . 
1 4 4 . 9 0 2 6 1 . 6 0 1 1 6 . 7 0 1 9 . 4 7 218 . 
2 6 . 3 0 4 1 5 , 2 0 3 8 8 . 9 0 2 9 5 . 7 4 346 . 
34 5 . 0 0 5 0 4 . 0 0 1 5 9 . 0 0 4 5 . 4 3 420 . 
1 5 3 . 0 0 4 5 6 . 0 0 3 0 3 . 0 0 4 7 . 34 380 . 
21 . 75 3 0 6 . 0 0 2 8 4 . 2 5 2 6 1 . 3 8 255 . 
3 3 4 . 0 0 24 0 . 0 0 - 9 4 . 0 0 - 3 1 . 8 6 200 . 
- 1 3 5 . ' ^ 3 f -e r s e a s o r i . 
Sum o f N e t F ' r e spn t Vs Imp = RS - 4 2 3 4 . 0 2 
The a m o r t i z e d v a l u e s a r e RS - -852 .32 
o r RS 
T o t a ] L a b o u r Use o v e r t h e w h o l e t i m e p e r i o d i s 
The avers.^^e ANNUAI... l a b o u r use i s 
and t h e sveras. fe SEASONAL, l a b o u r u s e i s 
SNPU p e r L a b o u r day == RS - 2 0 . 1 0 
and SNF'V p e r Land Use E a c t o r RS - 1 6 9 3 6 , 0 7 
a t Si ri i scoI..Irit Ra +,e o f 
p e r y e a r * 
12.00/: 
2 1 0 . 7 0 Laboi.ir d a y s 
2 6 . 3 4 l a b o u r d a y s -
4 . 3 9 l a b o i j r d a y s . 
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SUMMARY RESULTS OF A SOLE CROP OF REPLANTED SEEDLING HYBRID COCONUTS 
(64 plants per acre) 
* 
Y 
E 
A 
R 
( LiAtS) - C R s r 
* V A R I A B L E C 
T O T A L * * * * * * * * * * 
L A B O U R - L A B O U R M A T E R I A L 
C O S T S C O S T S 
(KS)-
^ 
0 S T S 
* * * * 
T O T A L 
C O S T S 
G R O S S 
R E V -
E N U E 
N E T N . R . / 
R E V E N U E L A B O U R 
D A Y O U T P U T 
- t R S ) < R S ) - — ( R S ) <NUTS-^ 
1 1 1 . 0 0 2 0 . 0 0 3 7 7 0 . 0 0 3 7 9 0 . 0 0 0 . 0 0 - 3 7 9 0 . 0 0 
^ 
" ' 7 3 . 3 0 - 1 8 7 0 . 0 0 0 . 0 0 1 8 7 0 . 0 0 0 . 0 0 - 1 8 7 0 . 0 0 
3 3 . 0 0 6 0 . 0 0 3 5 1 . 2 0 4 1 1 . 2 0 0 . 0 0 - 4 1 1 . 2 0 
4 2 . 0 0 4 0 . 0 0 2 5 . 0 0 6 5 . 0 0 0 . 0 0 - 6 5 . 0 0 
u 0 . 0 0 0 . 0 0 — 0 . 0 0 0 . 0 0 - 0 . 0 0 • " - 0 . 0 0 
6 0 . 0 0 0 . 0 0 1 2 0 . 0 0 1 2 0 . 0 0 0 . 0 0 - 1 2 0 . 0 0 
o 1 5 . 0 0 1 0 0 . 0 0 2 5 . 0 0 1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 .. — 
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
3 3 . 0 0 6 0 . 0 0 1 8 1 . 0 0 2 4 1 . 0 0 0 . 0 0 - 2 4 1 . 0 0 
4 5 . 0 0 1 0 0 . 0 0 2 5 . 0 0 1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 
2 . 0 0 4 0 . 0 0 0 . 0 0 4 0 . 0 0 0 . 0 0 -"-40.00 
6 0 . 0 0 0 . 0 0 1 6 0 . 0 0 1 6 0 . 0 0 0 . 0 0 - 1 6 0 . 0 0 
3 1 5 . 0 0 1 0 0 . 0 0 2 5 . 0 0 1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 
^ 
0 . 0 0 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
3 2 . 0 0 4 0 . 0 0 2 0 0 . 0 0 2 4 0 . 0 0 0 . 0 0 - 2 4 0 . 0 0 
4 5 . 0 0 1 0 0 . 0 0 2 5 . 0 0 1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 
^ 2 . 0 0 40-.00- 0 ; 0 0 - 4 0 . 0 0 " - " 0 ; 0 0 - --40.00 
6 0 . 0 0 0 . 0 0 2 0 0 . 0 0 2 0 0 . 0 0 0 . 0 0 - 2 0 0 . 0 0 
4 1 5 . 0 0 1 0 0 . 0 0 2 5 . 0 0 1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 
•J 0 . 0 0 0 . 0 0 0 . 0 0 U . 0 0 0".00 0 . 0 0 
3 2 . 0 0 4 0 . 0 0 2 6 5 . 6 0 3 0 5 . 6 0 0 . 0 0 - 3 0 5 . 6 0 
4 5 . 0 0 1 0 0 . 0 0 2 5 . 0 0 1 2 5 . 0 0 0 . 0 0 - 1 2 5 . 0 0 
5 " ^ T O O - "40.00 ~ 0 . 0 0 " " 4 0 . 0 0 0 . 0 0 - 4 0 . 0 0 
6 0 . 0 0 0 . 0 0 2 4 0 . 0 0 2 4 0 . 0 0 0 . 0 0 - 2 4 0 . 0 0 
5 1 5 . 9 2 1 1 8 . 4 0 2 5 . 0 0 1 4 3 . 4 0 2 2 5 . 6 0 8 2 . 2 0 
^ 1 . 2 3 2 4 . 5 0 0 . 0 0 2 T . 5 0 3 7 2 . 0 0 " 3 4 7 . 5 0 
3 3 . 3 8 6 7 . 6 0 2 7 5 . 0 0 3 4 2 . 6 0 4 4 6 . 4 0 1 0 3 . 8 0 
4 6 . 2 9 1 2 5 . 7 5 2 5 . 0 0 1 5 0 . 7 5 4 0 2 . 0 0 2 5 1 . 2 5 
u 3 . 0 0 6 0 . 0 0 " " 2 7 5 . 0 0 3 3 5 . 0 0 2 6 4 . 0 0 " - 7 1 . 0 0 
6 0 . 8 9 1 7 . 7 5 0 . 0 0 1 7 . 7 5 2 1 0 . 0 0 1 9 2 . 2 5 
6 1 6 . 2 0 1 2 4 . 0 0 2 5 . 0 0 1 4 9 . 0 0 3 6 0 . 0 0 2 1 1 . 0 0 
1 .69 3 3 . b b 0 . 0 0 3 3 . 8 5 ' " 3 9 6 . 4 0 3 6 2 ."33 
3 3 . 9 4 7 8 . 7 0 2 7 5 . 0 0 3 5 3 . 7 0 7 1 2 . 8 0 3 5 9 . 1 0 
4 6 . 7 9 1 3 5 . 7 5 2 5 . 0 0 1 6 0 . 7 5 6 4 2 . 0 0 4 8 1 . 2 5 
5 3 ; 3 4 ~ 6 6 . 7 0 0 . 0 0 6 6 . 7 0 4 2 4 . 8 0 " 3 5 8 . 1 0 
6 1 . 1 5 2 3 . 0 0 2 7 5 . 0 0 - 2 9 8 . 0 0 3 3 6 . 0 0 3 8 . 0 0 
7 1 6 . 4 0 1 2 7 . 9 0 2 5 . 0 0 1 5 2 . 9 0 4 5 3 . 6 0 3 0 0 . 7 0 
^ L'. 0 0 4 0 . 0 5 O'.OO " 4 0 . 0 5 -""745.20 " 7 0 5 . 1 5 
3 4 . 3 1 8 6 . 10 3 0 0 . 6 0 3 8 6 . 7 0 8 9 0 . 4 0 5 0 3 . 7 0 
4 • 7 . 1 2 1 4 2 . 4 5 2 5 . 0 0 1 6 7 . 4 5 8 0 2 . 8 0 6 3 5 . 3 5 
— 3 . 5 6 7 1 . 10 0 . 0 0 7 1 . 1 0 5 3 0 . 4 0 4 5 9 . 3 0 
6 1 . 5 7 3 1 .40 2 7 5 . 0 0 3 0 6 . 4 0 5 3 7 . 6 0 2 3 1 . 2 0 
8 1 6 . 5 8 1 3 1 . 6 5 2 5 . 0 0 1 5 6 . 6 5 5 4 3 . 6 0 3 8 6 . 9 5 
J. 2 . 3 1 4 6 . 2 5 0 . 0 0 4 6 . 2 5 894". 0 0 ^ 8 4 7 . 7 3 
3 4 . 6 8 9 3 . 5 5 2 7 5 . 0 0 3 6 8 . 5 5 1 0 6 9 . 2 0 7 0 0 . 6 5 
4 7 . 4 6 1 4 9 . 2 5 2 5 . 0 0 1 7 4 . 2 5 9 6 6 . 0 0 . 7 9 1 . 7 5 
1 7 7 8 " 3 5 . 5 0 0 . 0 0 3 5 . 5 0 6 3 6 . 0 0 6 0 0 . 5 0 
6 3 . 5 0 6 9 . 9 5 2 7 5 . 0 0 3 4 4 . 9 5 5 0 2 . 8 0 1 5 7 . 8 5 
3 7 9 0 . 0 0 
- 2 0 . 0 0 
- 1 3 7 . 0 7 
- 3 2 . 5 0 
0 . 0 0 
0.00 
- 2 5 . 0 0 
0.00 
- 8 0 . 3 3 
- 2 5 . 0 0 
- 2 0 . 0 0 -
0.00 
- 2 5 . 0 0 
0.00 
- 1 2 0 . 0 0 
- 2 5 . 0 0 
- 2 0 . 0 0 
0 . 
- O S . 
0 
- 1 5 2 
- O S 
. 00 
,00 
,00 
,80 
,00 
.00 
. 00 
,89 
- 2 0 . 
0 , 
1 3 , 
2 8 3 . 6 7 
3 0 . 7 1 
3 9 . 9 6 
- 2 3 . 6 7 
216.62 
3 4 . 0 3 
- 3 3 2 ^ 3 8 -
9 1 .26 
7 0 . 9 0 
1 0 7 . 3 8 
3 3 . 0 4 
4 7 . 0 2 
3 5 2 . 1 3 
1 1 7 . 0 0 
8 9 . 2 0 
1 2 9 . 2 0 
1 4 7 . 2 6 
5 8 . 7 8 
' 3 6 6 . 5 7 
1 4 9 . 7 9 
106.10 
3 3 8 , 3 1 
4 5 . 13 
0 . 
0. 
0. 
0. 
— 0 . 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
--0.--
0. 
0. 
— 0 7-
0. 
0. 
0. 
0. 
1 8 8 . 
3 1 0 . 
3 7 2 . 
3 3 5 . 
2 2 0 . 
1 7 5 . 
3 0 0 . 
'A97-,-
5 9 4 . 
5 3 5 . 
3 5 4 . 
2 8 0 . 
3 7 8 . 
621-.-
7 4 2 . 
6 6 9 . 
4 4 2 . 
4 4 8 . 
4 5 3 . 
" 7 4 5 . 
8 9 1 . 
8 0 5 . 
5 3 0 . 
4 1 9 . 
S u m o f N e t P r e s e n t V a l u e = R S 
I h e a m o r t i z e d v s T u e s a r e Kb" 
1 3 2 7 2 . 8 8 a t a D i s c o u n t R a t e o f 1 2 . 0 0 7 . 
4 2 4 . 5 5 p e r s e a s o n . o r R S 
T o t a l L a b o u r U s e o v e r t h e w h o l e t i m e p e r i o d i s 
The a v e r a g e A N N U A L l a b o u r u s e is 
a n d t h e a v e r a g e S E A S O N A L l a b o u r u s e is 
S N P V p e r L a b o u r d a y = R S 5 5 . 8 7 
a n d S N H V p e r L a n d U s e F a c - r o r - ^ ~ R S ~ ~ 5 3 0 7 1 - r r ; 3 
2 3 7 . 5 6 L a b o u r d a y s 
2 9 . 6 9 l a b o u r d a y s ? 
4 . 9 5 l a b o u r d a y s . 
127 
BIBLIOGRAPHY 
Abalu, G.I. 1975. 'Optimal Investment Decisions in Perennial Crop 
Production: A Dynamic Linear Programming Approach' , 
Journal of Agricultural Economics, 26[2]; pp.383. 
Ahmed, M.M.A., De Silva, M., Wijekoon, L.D. 1975. Comparative Economic 
Analysis of Selected Farm Enterprises. Ministry of Plantation 
Industries, Agricultural Diversification Project, Peradeniya, 
SRL/70/522, Project Document 34, April. 
Andrews, D.J. and Kassam, A.H. 1976. 'The Importance of Multiple Cropping 
in Increasing World Food Supplies', in M. Stelly (ed-in chief), 
1976. Multiple Cropping. Special Publication of American 
Society of Agronomy, No.27, Madison, Wisconsin. 
Aris, H.R., Senanayake, T.B. and Illangasinghe, M. 1977. A Farming 
Calendar for Some Mixed Garden Perennial Crops in the Wet Zone 
of Sri Lanka. UNDP/FAO Agricultural Diversification Project, 
Ministry of Plantation Industries, Sri Lanka. 
A.R.T.I. 1973. The Smallholdings of the Coconut Triangle. (A case study 
of the husbandry of 245 smallholdings in Colombo, Kurunegala 
and Puttalam Districts.) Occasional Publication Series No.2, 
December, Colombo. 
A.R.T.I. 1977. Land Reform in the Development of Coconut Lands: A Case 
Study of Selected Villages and Estates in Class II Coconut Land 
of Colombo District. Research Studies Series No.14, October, 
Colombo. 
Barlow, C., Jayasooriya, S., Cordova, V., Roxas, H., Yambao, L., Bantilan, C. 
and Marannan, C. 1979. 'Measuring the Economic Benefits of New 
Technologies to Rice Farmers', Research Paper Series No.28, 
International Rice Research Institute. 
Barnard, C.S. and Nix, J.S. 1973. Farm Planning and Control. 
Cambridge University Press, Cambridge. 
Belshaw, Deryke 1979. 'Taking Indigeneous Technology Seriously: The 
Case of Intercropping Techniques in East Africa', I.D.S. Bulletin, 
10,(12), January, 1979. 
Bollard, Alan 1979. Agricultural Project Design and "Evaluation in an 
Island Community. Development Studies Centre, Monograph; No.15 
the Australian National University, Canberra. 
Boumol W J 1969. 'On the Appropriate Discount Rate for Evaluation of 
Public Project', in Prc^am Budgeting and Benefit Cost Analysis, 
edited by H.H. Hinrichs and G.M. Taylor, Goodyear Publishing Co. 
Inc., Pacific Palisades, California. 
128 
Boussard, J.M. 1971. 'Time Horizon; Objective Function and Uncertainty 
in a Multi-Period Model of Firm Growth', American Journal of 
Agricultural Economics, 53,(3):pp.467-77. 
Burgess, R.J. 1977. The Intercropping of Smallholder Coconuts in Western 
Samoa; An Analysis Using Multi-Period Linear Programming. 
Masters Degree Thesis (M.A.D.E.), the Australian National 
University, August. 
Central Bank of Ceylon 1974. Survey of Sri Lanka's Consumer Finances, 
Colombo. 
1975. Annual Report, Colombo. 
1979. Economic and Social Statistics of Sri Lanka, 2(1). 
1981. Annual Report, Colombo. 
Child, R. 1974. Coconuts (2nd Ed), Longman, London. 
Cocks, K.D. 1965. 'Discounted Cash Flows and Agricultural Investment', 
Journal of Agricultural Economics, Vol.16[2]. 
C.R.I. 1964. Advisory Leaflet No.4, Colombo. 
Department of Census and Statistics, 1965. Census of Agriculture, 1962, 
Volume I, Agricultural Operators and Tenure, Colombo. 
1971. The Coconut Survey, 1971, Colombo. 
Desir, S. and Pinchinat, A.M. 1976. 'Production agronomic y economica 
del maiz y frijol comun asociados, Segun tipo y poblacion de 
plants, Turrialba, 26,(3), 237-40. Cited in Flinn, 1979. 
De Silva, N.T.M.H., Van Tilburg, P. and Lok, S.H. 1978. Survey of Coconut 
Lands in Kalutara, Galle and Matara. (Report to the Government 
of Sri Lanka.) 
Domros, M. 1974. The Agro Climate of Ceylon, Geoec. Res. Vol.2, 
Franz Steiner Verlag Gmph, Wiesbaden. 
Etherington, D.M. 1981. 'Multi-Period Budgeting and the Economic 
Assessment of Perennial Crop Intercropping Systems', Paper 
presented to the 25th Annual Conference of the Australian 
Agricultural Economics Association, Christchurch, New Zealand, 
February. 
Etherington, D.M. and Jayasuriya, S.K.W. 1977. 'The Economics of Rubber 
Replacement Cycles: An Interpretative Essay', Journal of the 
Rubber Research Institute of Sri Lanka, 54 (1/2):pp.460-78. 
Etherington, D.M. and Karunanayake, K. 1981. 'An Economic Analysis of 
Some Optiom for Intercropping Under Coconuts in Sri Lanka', 
Sri Lanka Journal of Agrarian Studies, 2(1):pp.1-18. 
129 
Fieldson, R.S. 1981. Farm Labour Input in the Dry Zone. A.R.T.I. 
Publication No.24, May, 1981. 
Flinn, J.C. 1979. 'Agroeconomic Considerations in Cassava Intercropping 
Systems', (in Weber et al, eds). 
Gittinger, J.P. 1972. Economic Analysis of Agricultural Projects, 
John Hopkins. 
Government of Sri Lanka 19 79. 'Intercropping in Coconut Lands: Proposal 
for a Study of Present Situation and Future Potential', (mimeo). 
Ministry of Finance and Planning, May. 
_ _ _ _ _ _ 1979. Department of Agriculture, 'Agro-Ecological Regions of 
Sri Lanka', Map/Chart (Peradeniya). 
Gunawardena, P.J. 1981. 'Rural Workers in Sri Lanka, Issues and 
Development', Sri Lanka Journal of Agrarian Studies, 2(1). 
Gyrth Jackson, B. 1965. 'Comparison of Investment Projects', Journal of 
Agricultural Economics, 16(2). 
Harley Hinrichs and Graeme M. Taylor 1969. Programme Budgeting and 
Benefit-Cost Analysis. Goodyear Publishing Co., Inc., Pacific 
Palisades, California. 
Harper, J.L. 1977. Population Biology of Plants. Academic Press, London. 
Heady, E.G. (ed) 1971. Economic Models and Quantitative Methods for 
Decisions and Planning in Agriculture: Proceedings of an East 
West Seminar. Iowa State University Press, Ames, Iowa. 
Hicks, J.R. 1948. Value and Capital: An Inquiry into Some Fundamental 
Principles of Economic Theory, 2nd edition. Clarendon Press, 
Oxford. 
Hussain, S.M. 1978. Kurunegala Rural Development Project (Coconut 
Development Proposals). Mimeo report. Ministry of Finance and 
Planning. Transport Budgets and Survey of Farms. 
Hussain, S.M., Perera, U.V.H. and Karunasena, K. 1978. Preliminary 
Report of the Survey of Coconut Lands in Kurunegala District. 
UNDP/FAO Project SRL 74/065. Ministry of Finance and Planning. 
Development Planning Unit. 
ICRAF 1982. Programme of Work for 1982. International Council for 
Research in Agroforestry, P.O. Box 30677, Niarobi, Kenya. 
Illangasinghe, Mahanama 1979. Agricultural Diversification in Sri Lanka: 
A Study of a Multi-Storey Cropping System. M.Sc. (Tropical 
Ag. Div.) August. University of Reading. 
I.S.P. 1971. Cocoa and Coconuts in Malaysia. Conference 1971, 
Wastie, R.L. and Earp, D.A. (eds). The Incorporated Society of 
Planters, Kuala Lumpur, 1972. 
1980. Proceedings of the International Conference on Cocoa 
and Coconuts 1978. (Incorporated Society of Planters, Kuala Lumpur.) 
130 
Jayantha Perera, U.L. and Gunawardena, P.J. 1980, Hired Labourers in 
Peasant Agriculture in Sri Lanka. I.R.T.I. Publication No.24, 
Colombo. 
Jayasuriya, S.K.W. 1976. Dynamic Replacement Policies in the Rubber 
Industry of Sri Lanka. Development Studies Centre, Thesis 
Reproduction Series No.l, the Australian National University, 
Canberra. 
John, R.A. and James, E.E. 1980. 'Small Farm Polyperiod Planning Model 
for Developing Economics', Southern Journal of Agricultural 
Economics, 12(1):pp.127-33. 
Johnson, B.L.C. and Scrivenor, M.de M. 1981, Sri Lanka, Land,People 
and Economy. Heinemann, London. 
Kushwah, B.L., Nelliat, E.V., Markose, V.J. and Sunny, A.F. 1973. 
'Rooting Pattern of Coconut (cocos nucifera L.)', Indian Journal 
of Agronomy, 18:pp.71-4. 
Lee, T.H. 1979. 'Planning Multiple Crop Diversification for Agricultural 
Development', in Reading in Asia Farm Management, edited by Tan 
Bock Thian and Shao-er ong, Singapore University Press, 1979. 
Liyanage, D.V. 1963. 'Methods of Underplanting in Senile Coconut 
Plantations', Ceylon Coconut Quarterly, 14, pp.89-94. 
McConnell, D.J. and Dharmapala, K.A.B. 1973. The Economic Structure of 
Kandyan Forest Garden Farms: Small Forest Garden Farms in the 
Kandy District of Sri Lanka (Ceylon). Farm Management Report 
No.7, UNDP/FAO Agricultural Diversification Project, Peradeniya. 
McConnell, D.J. and Dharmapala, K.A.B. 1974. Planning Notes for Some 
Tropical Perennial Crops, UNDP/SF-FAO Agricultural Diversification 
Project, Department of Export-Corps, Peradeniya, Sri Lanka, April. 
Menon, K.P.V. and Pandalai, K,M. 1958. The Coconut Palm, A Monograph. 
Indian Central Coconut Committee, India. 
Mollison, B.C. and Holmgren, D. 1970. Corgi Books (Transworld Publishers), 
Melbourne 1978, Permaculture 1: A Perennial Agricultural System 
for Human Settlements. 
Nair, P.K.R., Ram Varma, Nelliat, E.V. and Bavappa, K.V.A. 1975. 
'Beneficial Effects of Crop Combination of Coconut and Cocoa', 
Indian Journal of Agricultural Science, 45(4):pp.165-71. 
Nair, P.K.R, and Balakrishnan, T.K. 1976. 'Pattern of Light Interception 
by Canopies in a Coconut and Cacao Crop Combination', Indian 
Journal of Agricultural Science, 46:pp.453-62. 
Nair, S.K. and Rao, N.S.S. 1977. 'Microbiology of the Root Region of 
Coconut and Cacao Under Mixed Cropping', Plant and Soil, 
46:pp.511-9. 
131 
Nair, P.K.R. 1979. Intensive Multiple Cropping With Coconuts in India: 
Principles, Programmes and Prospects. Verlag Paul Parely. 
Berlin and Hamburg, 19 79. 
Nelliat, E.V., Bavappa, K.V.A. and Nair, P.K.R. 1974. 'Multi-Storeyed -
A New Dimension in Multiple Cropping for Coconut Plantations', 
World Crops, Vol.26 November-December. 
Nelliat, E.V. and Shama Bhat, K. (editors) 1979. Multiple Cropping in 
Coconut and Arecanut Gardens. Central Plantation Crops Research 
Institute, India. 
Nelliat, E.V. (editor-in chief) 1979. Placrosym 1: Agronomy, Soils, 
Physiology and Economics of Plantation Crops, Sharada Press, 
Manglalore, India. 
People's Bank 1981. 'The Coconut Industry in Sri Lanka', Economic Review, 
Vol.7, June/July, Colombo. 
Perera, U.V.H. and Ranbanda, L. 1981. Factors Affecting the Consumption 
of Coconut Fertilizer in 1981 in the Coconut Triangle. 
Mnistry of Coconut Industries, Colombo. 
Ranatunga, A.S. and Abeysekara, W.A.T. 1977. Profitability and Resource 
Characteristics of Paddy Farming. A.R.T.I. Publication No.23, 
Colombo. 
Rae, A.N. 1977. Crop Management Economics. London: Crosby Lockwood 
Staples. 
Renborg, U. 1971. 'Problems and Objectives in Planning at the Farm or 
Micro Level', in E.G. Heady (ed) 1972. 
Reyes, B.N. De Los 1978. 'New FAO Programmes on Small Farm Management', 
in Tan et al (editors) 1978. 
Ruthenberg, H. 1980. Farming Systems in the Tropics 3rd edition. 
Clarendon Press, Oxford. 
Sathasivampillai, K. 19 76. Costs of Production of Some Selected Crops 
of Sri Lanka. The Division of Agricultural Economics. 
Government Department of Agriculture, Peradeniya, Sri Lanka. 
Sathasivampillai, K. and De Silva, G.A.C. 1976. Farm Business Management 
in the Wet Zone of Sri Lanka. Division of Agricultural 
Economics, Government Department of Agriculture, Peradeniya, 
Sri Lanka. 
Satyabalan, K. 1976. 'Coconut Hybrids', Indian Farming, 27 [9]:pp.13-6. 
Singh, A. and Nair, P.K.R. 1973. 'Bases of Multiple Cropping', in 
Multiple Cropping, Indian Society of Agronomy, New Delhi, pp.25-31. 
Tan, B.T., Adulavidhaya, K., Singh, I.J., Flinn, J.C. and Ong, S.E. (editors) 
1978. Improving Farm Management Teaching in Asia. The 
Agricultural Development Council, Bangkok. 
132 
Thambyahpillay, G. 1965. 'Dry Zone Climatology', The Journal of National 
Agricultural Society of Ceylon, June:pp.88-130. 
United Nations 1969. The Coconut Industry of Asia. United Nations, 
New York. 
Upton, M. 1966. 'Tree Crops: A Long Term Investment', Journal of 
Agricultural Economics, 17(1):pp.82-90. 
Upton, M. 1969. 'Note on Tree Crops: The Capital Profile and Valuations', 
Journal of Agricultural Economics, 20(1):pp.143. 
1973. Farm Management in Africa. Oxford University Press, 
London. 
_ _ _ _ _ _ 19 76. 'Capital Theory and Farm Production Economics', Journal 
of Agricultural Economics, 27(2). 
Watson, G.A. 1980. A Study of Tree Crop Farming Systems in Lowland Humid 
Tropics, Vol I and II AGR Technical Note No.2, World Bank. 
Weber, E. , Nestel, B. and Cam.pbell, M. (editors) 1979. Intercropping With 
Cassava. Proceedings of an International Workshop held at 
Trivandrum, India, 27 November - 1 December 1978, I.D.R.C., Ottawa. 
Wikramatilake, R. 1963. South East Ceylon Trends and Problems in 
Agricultural Settlement, University of Chicago, Research Paper 
No. 83 (mimeo) Cited in Domros, 1974. 
Willey, R.W. 1979. 'Intercropping - Its Importance and Research Needs', 
Part 1. Competition and Yield Advantages. Field Crop 
Abstracts 32, 1, January 1979, Part 2, Agronomy and Research 
Approaches F.C.A. 32, 2, February 1979. 
World Bank 1979. Kurunegala Rural Development Project, Sri Lanka Staff 
Appraisal Report No.2292a-CE. 
Yang, W.Y. 1965. Methods of Farm Management Investigations. Food and 
Agriculture Organization of the United Nations. 
Yotopoulos, P.A. and Nugent, J.B. 1976. Economics of Development -
Emperical Investigations, Harper International Edition, London. 
